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Figure S1.  Summary of Literature Search   

2206 Studies Retrieved  
from Electronic Sources 

 340  Duplicates     

1866 Title and Abstract Reviewed 

156 Articles Reviewed 

1751 Excluded 
     Not relevant to key questions 
     No primary data 

Reasons for Exclusion 
    6  No primary data 
  13 No sleep assessment 
    3  No inflammation assessment 
  20 No evaluation of relationship  
       between sleep and inflammation 
    7 No assessment of circulating  
      markers of inflammation 
  12 Non-cytokine immune measures 
    4  Sleep disturbance being treated 
    3 Gene predictors  
    5 Normal sleep/wake within day 

83 Articles Evaluated for Analyses 

73 Excluded 

Reasons for Exclusion 
   5 Sleep was outcome 
   3 Statistical analyses could not be  
      computed or inadequate quality 
   3 No assessment of selected circulating 
      inflammatory marker  
      (CRP, IL-6, TNFα) 

72 Articles Included 
     28 Sleep disturbance 
     14 Sleep duration 
     13 Both sleep disturbance & duration 
     17 Sleep deprivation studies  

11 Excluded 
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Table S1. Description of studies evaluating sleep disturbance and inflammation as indexed by 
C-reactive protein (CRP) and circulating levels of interleukin-6 (IL-6). Sleep disturbance was 
associated with CRP and IL-6 as a significant increase (+), significant decrease (-) or no 
difference (0). Sleep disturbance was assessed by single item (Item); symptom reporting (SX); 
questionnaire (Qu); polysomnography (PSG); or clinical diagnosis (DX).  

 
 
*Studies that have evaluated sleep disturbance and inflammation as indexed by other cytokines including interleukin-1 (IL-1) (n = 4) (1-4); IL-1 

receptor antagonist (IL-1ra) (n = 3) (1, 2, 5); soluble IL-6 receptor (sIL6R) (n = 2) (5, 6); IL-8 (n = 5), tumor necrosis factor receptor I (TNFRI) (n = 1) 

(7); and TNFRII (n = 1) (1). 
See references in main text for studies described in the table. 
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Table S1 continued. 

 

*Studies that have evaluated sleep disturbance and inflammation as indexed by other cytokines including interleukin-1 (IL-1) (n = 4) (1-4); IL-1 
receptor antagonist (IL-1ra) (n = 3) (1, 2, 5); soluble IL-6 receptor (sIL6R) (n = 2) (5, 6); IL-8 (n = 5), tumor necrosis factor receptor I (TNFRI) (n = 1) 
(7); and TNFRII (n = 1) (1). 

See references in main text for studies described in the table. 
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Table S2. Description of studies evaluating sleep duration and inflammation as indexed by C-
reactive protein (CRP) and circulating levels of interleukin-6 (IL-6). Sleep duration was 
associated with CRP and IL-6 as a significant increase (+), significant decrease (-) or no 
difference (0). Sleep duration was assessed by single item (Item); symptom reporting (SX); 
questionnaire (Qu); polysomnography (PSG); or clinical diagnosis (DX).  

 
*Studies that have evaluated sleep duration and inflammation as indexed by other cytokines including interleukin-1 (IL-1) (n = 2) (8, 9), IL-1 
receptor antagonist (IL-1ra) (n = 0), soluble IL-6 receptor (sIL6R) (n = 1) (10); IL-8 (n = 0); tumor necrosis factor receptor I (TNFRI) (n = 1) 
(11); and TNFRII (n = 0). 

See references in main text for studies described in the table.  
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Table S3. Description of studies evaluating sleep duration as experimentally shortened, i.e., 
sleep deprivation or sleep restriction, and inflammation as indexed C-reactive protein (CRP) and 
circulating levels of interleukin-6 (IL-6). Sleep deprivation as partial night sleep deprivation 
(PSD) or total night sleep deprivation (TSD) was associated with CRP and IL-6 as a significant 
increase (+), significant decrease (-) or no difference (0). 

 
*Studies that have evaluated sleep duration as experimentally shortened and inflammation as indexed by other cytokines including interleukin-1 
(IL-1) (n = 2) (12, 13), IL-1 receptor antagonist (IL-1ra) (n = 1) (12), soluble IL-6 receptor (sIL6R), IL-8 (n = 1) (14); tumor necrosis factor receptor I 
(TNFRI) (n = 1) (15-17), and TNFRII (n = 1) (16). 

See references in main text for studies described in the table. 
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Figure S2. Forest plot of sleep disturbance associated with inflammation as indexed by 

circulating levels of tumor necrosis factor (TNF)-. Sleep disturbance is assessed by self-
reported symptoms and questionnaires. Results are expressed as effect sizes (ES) and 95% 
confidence intervals (95% CI). See references in main text for studies included in the figure. 
 
  

‐1.50 ‐1.00 ‐0.50 0.00 0.50 1.00 1.50 2.00 

Effect size 

Sleep disturbance and inflamma on: TNFα 

Symptoms 

   Erten 2005 (20) 

   Sprod 2010 (24) 

Ques onnaires 

   Chiu 2009 (35) 

   Okun 2007a Pregnant (43) 

   Okun 2009 (42) 

   van Mark 2010 (47) 

Diagnosis 

   Okun 2011 (58) 

   Vgontzas 2002 (60) 

    

Overall ES (.07=; I2=12.1%)  



Irwin et al. 

8 

 

 
 
Figure S3. Forest plot of sleep duration associated with inflammation as indexed by circulating 

levels of tumor necrosis factor-. Sleep duration is assessed continuously by subjective and 
objective measures. Results are expressed as effect sizes (ES) and 95% confidence intervals 
(95% CI). See references in main text for studies included in the figure. 
  

‐1.00 ‐0.50 0.00 0.50 1.00 1.50 2.00 
Effect size 

Subjec ve 

   Okun 2007a Pregnant (43) 

   Okun 2009 (42) 

   Sprod 2010 (24) 

Objec ve 

   Vgontzas 1997 (69) 

 

Overall ES=.29; I2=3.2% 

Sleep dura on assessed con nuously and inflamma on: TNFα 
<Longer sleep         Shorter sleep > 
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Figure S4. Forest plot of sleep duration associated with inflammation as indexed by circulating 

levels of tumor necrosis factor-. Sleep duration is assessed categorically with normal sleep 
being defined by sleep duration 7-8 h per night, and short sleep as < 7 h per night, and long 
sleep as > 8 h per night. Results are expressed as effect sizes (ES) and 95% confidence 
intervals (95% CI). See references in main text for studies included in the figure. 
  

‐1.50 ‐1.00 ‐0.50 0.00 0.50 1.00 1.50 2.00 2.50 
Effect size 

Short vs. normal 

   Patel 2009 (Obj) (73) 

   Patel 2009 (Subj) (73) 

   Stenholm 2011 (74) 

   Short vs. normal ES=.11; I2=0% 

Long vs. normal 

   Patel 2009 (Obj) (73) 

   Patel 2009 (Subj) (73) 

   Stenholm 2011 (74) 

   Long vs. normal ES=.08; I2=8.0% 

Sleep dura on assessed categorically and inflamma on: TNFα 
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Figure S5. Forest plot of experimentally shortened sleep duration associated with inflammation 

as indexed by circulating levels of tumor necrosis factor-. Sleep duration was shortened by 
either partial- or total night sleep deprivation for one night or for multiple nights. Results are 
expressed as effect sizes (ES) and 95% confidence intervals (95% CI). See references in main 
text for studies included in the figure. 
  

‐1.50 ‐1.00 ‐0.50 0.00 0.50 1.00 1.50 

Effect Size 

Experimental sleep depriva on and inflammation: TNFα 

One night PSD/TSD 

   Bollinger 2010 (83)  

   Chennaoui 2011 (78) 

   Irwin 2004 Alcohol Dep (85) 

   Irwin 2004 Controls (85) 

   Sauvet 2010 (81) 

   One night ES=.04; I2=0% 

Mul ple Night PSD/TSD 

   Shearer 2001 PSD (93) 

   Shearer 2001 TSD (93) 

   Vgontzas 2004 Females (94) 

   Vgontzas 2004 Males (94) 

   Mul ple night ES=.06; I2=0% 
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