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Night shift work  

19-21% of the population works on  

shift-schedules including night  

 (♂ : 21.9% , ♀: 10.7%) 

  

7% works permanently at night  

 

 

6th EU survey on working conditions, 2015 

 



Mechanisms 

Fritchi L, Med Hyp 2011 



Carcinogenicity of shift work 

 

 

 

 
IARC (WHO), 2007 
“Shift work involving circadian disruption is  

probably carcinogenic to humans” (Group 2A) 
 
 
based on… 
 
• Sufficient evidence from (>20) animal studies  
  showing the carcinogenicity of light during night  
 
• Limited evidence from epidemiological studies showing   
  higher risks for breast cancer among female night  
   workers & flight attendands 
 
 

Straif K et al, 2007; IARC Monographs Vol 98, 2010 



Colorectal Cancer Epidemiology 

• Incidence 

 

 

 

 

• Mortality 

• Etiology 

• Age (>50 yrs) 

• Family history  

• Inflammatory bowel disease 

• Physical inactivity 

• Obesity 

• Smoking 

• Alcohol consumption  

• High intake of red and 

processed meat 

• Low intake of fruit and 

vegetables 

• Occupational/Environmental  

risks 

• Night shift work? 

• Light at night? 

 

Globocan, IARC 2018 
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Night work & Colorectal cancer 

2003: Schernhammer et al JNCI: 35% increase in risk with 15+ years 

shift work in women 

 

 

2007: Schwartzbaum et al SJWEH: null finding, JEM-based exposure, 

both sexes 

 

 

2013: Parent et al AJE: 2-fold increase in risk of colorectal cancer in 

men 

 

 



Objectives 
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1. To evaluate night shift work in relation to colorectal cancer 

risk in a large population based case-control study: the MCC-

Spain study 

 

2. To evaluate rotating night shift work and colorectal cancer 

risk in two prospective cohorts of female nurses, the NHS 

and NHS II  



 



MCC-Spain Case-Control Study  

Design: A population based multi case-control study on 5 common      

cancers using population controls (N≈10000) 

 

 

 

 

 

2014 Recruitment: 2008 

• 4101 Population Controls 

• 6118 Incident Cancer 

Cases (Breast, Prostate, 

Colorectal, Stomach,CLL) 

• Ages 20-85 

 

Papantoniou K Int J Cancer 2015; Papantoniou K Eur J Epidemiol 2016;  

Papantoniou K SJWEH 2017; Gyarmati G 2016 OEM; Costas L Int J Cancer 2016 

Shift work analysis 

 

1626 incident colorectal cancer cases  

(response rates 68%)  

 

3378 randomly selected population 

controls 

(response rates 54%) 

21 hospitals 

12 regions 



Exposure definition 

How many nights did you work per month? |_|_| ≥3 nights/month 

What was your habitual working schedule?  

 De _ _ : _ _      A _ _ : _ _ 

 

How many hours did you work/day?  

        __ __ hours 

Night work: at least 1 

hour between  

 

 

 

 

What kind of job was it in terms of shift type? 

     1. day  2. night 3. rotating          

How old were you at the beggining of the job? 

How old were you at the end of the job?  

Shift work type:  

Permanent night 

Rotating 

Cumulative duration  

(total years)  



Shift work and colorectal cancer risk 

Colorectal 

(N=1626) 

OR 

(95% CI) 

Never shift 

work 
1.0 (Ref) 

Ever 

permanent 

night work  

0.79  

(0.62-1.00) 

Ever rotating 

shift work 

1.22  

(1.04-1.43) 

Papantoniou K et al. SJWEH 2017 



Shift work and colorectal cancer risk: by 
anatomical site  

Colorectal 

(N=1626) 

Colon 

(N=1086) 

Rectum 

(N=524) 

OR 

(95% CI) 

OR 

(95% CI) 

OR 

(95% CI) 

Never shift 

work 
1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 

Ever 

permanent 

night work  

0.79  

(0.62-1.00) 

0.79 

(0.57-1.03) 

0.76  

(0.53-1.11) 

Ever rotating 

shift work 

1.22  

(1.04-1.43) 

1.22  

(1.02-1.46) 

1.26  

(0.81-1.48) 

Papantoniou K et al. SJWEH 2017 



Duration of rotating shift work and colorectal 
cancer 

Controls/Cases OR (95% CI)b 

Never shift work 2432/1071 1 (Reference) 

<8 yrs 173/89 1.14 (0.85-1.51) 

8-19 yrs 171/87 1.26 (0.84-1.49) 

20-34 yrs 158/119 1.38 (1.06-1.81) 

≥35 yrs 141/127 1.36 (1.02-1.79) 

p-trend*** 0.005 

bOR adjusted for age (continuous), center, educational level (less than primary, primary, high school, university), sex (female, male), history of 

colorectal cancer in first degree relatives (yes/no), body mass index (<22.5, 22.5-24.9, 25–29.9, ≥30), smoking status (ever, never), leisure 

time physical activity (inactive, little active, moderately active, very active), past alcohol consumption (quartiles), total energy intake in 

grams/day (quartiles), all red meat consumption in grams/day (quartiles), sleep duration in hours/day (<6, 6, 7, 8, >8) and aspirin/nonsteroid 

anti-inflammatory drug use (yes, no). 

Papantoniou K et al. SJWEH 2017 



Age at first rotating shift work exposure and 
colorectal cancer 

Controls/Cases OR (95% CI)b 

Never shift work 2432/1071 1 (Reference) 

<25 years 243/166 1.24 (0.99-1.56) 

≥25 years 200/99 0.95 (0.72-1.25) 

bOR adjusted for age (continuous), center, educational level (less than primary, primary, high school, university), sex (female, male), history of 

colorectal cancer in first degree relatives (yes/no), body mass index (<22.5, 22.5-24.9, 25–29.9, ≥30), smoking status (ever, never), leisure 

time physical activity (inactive, little active, moderately active, very active), past alcohol consumption (quartiles), total energy intake in 

grams/day (quartiles), all red meat consumption in grams/day (quartiles), sleep duration in hours/day (<6, 6, 7, 8, >8) and aspirin/nonsteroid 

anti-inflammatory drug use (yes, no). 

Papantoniou K et al. SJWEH 2017 



Duration of rotating shift work and colorectal 
cancer, by sex 
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Women 
OR 0.93 (1.10-1.59) 

 
 

Men 
OR 1.32 (1.10-1.59) 

 



Summary of findings 

 
 

 

 
 

• 22% increase of CRC risk with ever rotating shift work in a 

variety of occupations 

 

• CRC risk increased with longer (20+ years) cumulative shift 

work duration 

 

• No association with permanent night work  



Night shift work duration & colorectal cancer 
risk by anatomical site (NHS) 

  

Cases 

(N=1495) HR (95%CI)a HR (95% CI)b P-for-trend 

Rotating night shift 

work duration       

Colon combined       

     Never 389 Ref Ref 

     1-14 yrs 514 1.00 (0.87, 1.15) 1.00 (0.88, 1.15) 

     15+ yrs 90 1.11 (0.88, 1.40) 1.08 (0.85, 1.36) >0.05 

  993     

Proximal colon       

     Never 259 Ref Ref 

     1-14 yrs 323 0.95 (0.81, 1.12) 0.95 (0.80, 1.12) 

     15+ yrs 55 1.02 (0.76, 1.37) 0.99 (0.74, 1.33) >0.05 

       637     

Distal colon       

     Never 130 Ref Ref 

     1-14 yrs 191 1.11 (0.88, 1.39) 1.12 (0.89, 1.40) 

     15+ yrs 35 1.30 (0.89, 1.89) 1.25 (0.85, 1.83) >0.05 

  356     

Rectum       

     Never 109 Ref Ref 

     1-14 yrs 150 1.04 (0.81, 1.33) 1.03 (0.80, 1.32) 

     15+ yrs 34 1.62 (1.09, 2.39) 1.55 (1.05, 2.30) 0.03 

  293     



The Nurses‘ Health Studies 

Shift work assessment     : total years of rotating night 

shifts at baseline (NHS/NHS II) and updated during 

follow up (NHS II) 

Colorectal cancer ascertainment   : 1,527 (NHS) and 

438 (NHS II) incident colorectal cancer cases   

NHS:  
121,700 female US registered nurses (1976), aged 30 to 55 years    77,470 in analysis  
 
 
 
 

NHS II:  
116,430 female US registered nurses (1989), aged 25 to 42 years   113,371 in analysis 



Statistical analyses 

Cox proportional hazard models were used to calculate hazard ratios (HRs) 

and 95% confidence intervals (CI)  

Main analyses: 

• Baseline shift work history and colorectal cancer risk (NHS)  

• Baseline shift work history and colorectal cancer risk (NHS II) 

• Updated shift work history and colorectal cancer risk (NHS II) 

 

Secondary analyses:  

• Stratified anaylses by anatomical site: colon vs rectum (NHS) 



Rotating night shift work duration and colorectal 
cancer risk in the NHS, 1988-2012 

 
Cases Person-yrs HR (95%CI)a HR (95% CI)b 

Rotating night shift work duration     

Never 571 63,5313 Ref Ref 

1-2 yrs 340 37,7113 1.03 (0.90, 1.18) 1.04 (0.91, 1.19) 

3-4 yrs 263 25,7436 1.05 (0.91, 1.22) 1.05 (0.91, 1.22) 

5-9 yrs 111 10,4210 1.10 (0.89, 1.35) 1.08 (0.88, 1.32) 

10-14 yrs 71 69,589 1.04 (0.81, 1.33) 1.00 (0.78, 1.28) 

15-19 yrs 43 42,288 1.03 (0.76, 1.41) 1.00 (0.73, 1.36) 

20-29 yrs 57 41,997 1.32 (1.00, 1.74) 1.24 (0.94, 1.63) 

30+ yrs 39 24,748 1.24 (0.90, 1.72) 1.19 (0.86, 1.66) 

  1495 1,552,202 p-trend=0.04 p-trend=0.16 

Papantoniou K et al. IJC 2018 



Cases (N) Person-yrs HR (95%CI)a HR (95% CI)b 

Baseline rotating night 

shift work duration 
        

Never 160 893,405 Ref Ref 

1-2 yrs 81 683,208 0.67 (0.51, 0.88) 0.67 (0.51, 0.88) 

3-4 yrs 72 464,040 0.88 (0.67, 1.17) 0.88 (0.67, 1.17) 

5-9 yrs 35 200,991 0.97 (0.67, 1.40) 0.95 (0.66, 1.38) 

10-14 yrs 20 81,264 1.25 (0.78, 1.99) 1.24 (0.77, 1.98) 

15+ yrs 7 24,711 1.17 (0.55, 2.52) 1.10 (0.51, 2.38) 

  375 2,347,619 p-trend=0.28 p-trend=0.35 

Baseline night shift work history and colorectal 
cancer risk in the NHS II, 1989-2013 

 

a
Adjusted for age (months) and follow-up cycle  

b
Adjusted for age (months), height (continuous in inches), BMI (<18.5, 18.5-24.9, 25.0-29.9, 30+ kg/m2), educational 

level (RN license, bachelor’s degree, masters or doctoral degree), menopausal status (premenopausal, postmenopausal),  

menopausal hormone therapy (never, past, current), first-degree family history of colorectal cancer (yes, no), alcohol 

consumption (0, 0.1-4.9, 5-14.9, >=15g/day), physical activity (<=8, 8.1-16, 16.1-24, >24 MET-hrs/week), 

colonoscopy/sigmoidoscopy in the previous 2 years (yes, no), current regular aspirin or NSAIDS use (>2 tablets/week), 

daily energy intake (kcal/day), red or processed meat (servings/day) and folate consumption in quintiles. 

Papantoniou K et al. IJC 2018 



Cases (N) Person-yrs HR (95%CI)a HR (95% CI)b 

Updated rotating night 

shift work duration 
        

Never 131 722,745 
Ref Ref 

1-4 yrs 156 1,163,704 0.73 (0.58, 0.92) 0.72 (0.57, 0.91) 

5-9 yrs 59 300,937 0.87 (0.63, 1.21) 0.84 (0.61, 1.17) 

10-14 yrs 25 109,653 1.08 (0.70, 1.67) 1.04 (0.67, 1.60) 

15-19 yrs 9 37,375 1.04 (0.53, 2.05) 0.98 (0.50, 1.94) 

20+ yrs 4 13,206 1.08 (0.40, 2.92) 0.97 (0.36, 2.65) 

  375 2,347,619 p-trend=0.34 p-trend=0.51 

Updated night shift work duration and colorectal 
cancer risk in the NHS II, 1989-2013 

 

Papantoniou K et al. IJC 2018 



Night shift work duration & colorectal cancer risk by 
anatomical site (NHS) 

  Cases (N=1495) HR (95%CI)a HR (95% CI)b P-for-trend 

Rotating night shift 

work duration       

Proximal colon (N=637)  637     

     Never 259 Ref Ref 

     1-14 yrs 323 0.95 (0.81, 1.12) 0.95 (0.80, 1.12) 

     15+ yrs 55 1.02 (0.76, 1.37) 0.99 (0.74, 1.33) >0.05 

Distal colon (N=356)     

     Never 130 Ref Ref 

     1-14 yrs 191 1.11 (0.88, 1.39) 1.12 (0.89, 1.40) 

     15+ yrs 35 1.30 (0.89, 1.89) 1.25 (0.85, 1.83) >0.05 

      

Rectum (N=293)     

     Never 109 Ref Ref 

     1-14 yrs 150 1.04 (0.81, 1.33) 1.03 (0.80, 1.32) 

     15+ yrs 34 1.62 (1.09, 2.39) 1.55 (1.05, 2.30) 0.03 

Papantoniou K et al. IJC 2018 



Summary of findings 

 

• No overall evidence of an association between ever rotating night shift work 

and CRC risk in these two large cohorts of nurses. 

• Long-term night shift work exposure might be associated with an increased 

CRC risk, and in particular rectum cancer. 

 



Strengths 

NHS & NHS II MCC-Spain study 

The largest analysis to date 

(N=1900 cases) 

Large study (N=1626 cases) 

Physician confirmed diagnosis of 

CRC 

Physician confirmed diagnosis of 

CRC 

Analyses adjusted for a wide 

range of potential confounders 

Analyses adjusted for a wide 

range of potential confounders 

Prospective design, temporality Case-control design with 

population controls 

Duration of shift work updated 

through follow-up (NHSII) 

Detailed shift work exposure -

lifetime occupational history 

Among nurses  Across a variety of occupational 

sectors 



Limitations 

NHS & NHS II MCC-Spain study 

NHS: exposure was only assessed 

at baseline  

Selection bias: response rates were 

lower among controls than cases 

NHS II: low power for secondary 

analyses (e.g anatomical site) 

Recall bias : retrospective shift work 

assessment (non-differential 

misclassification) 

Only females/single occupational 

group 

Job specific confounders might be 

unevenly distributed across shifts 

No information on intensity of 

shift work 

Shift work frequency: 35% missings 

Shift work duration: <1 % missings 



Updated carcinogenicity of shift work 

 

 

 

 
IARC (WHO), 4-11 June 2019 
“Night shift work is probably carcinogenic  
 to humans” (Group 2A) 
 
 

based on… 
 
• Sufficient evidence from experimental animal studies (alteration in 
light-dark schedule) and strong mechanistic evidence 
 

• Limited evidence from epidemiological human studies showing positive 
associations between night work and breast, prostate and colorectal 
cancer risk 
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