[bookmark: _GoBack]Biopsychosocial risk factors of persistent fatigue after acute infection: a systematic review to inform interventions.
Author details: Katrin Hulme1,4, Joanna L Hudson1, Philine Rojczyk3, Paul Little2, Rona Moss-Morris1
1 Health Psychology Section, Institute of Psychiatry, Psychology and Neuroscience, King’s College London, UK.
2 Primary Care and Population Sciences, Faculty of Medicine, University of Southampton, Southampton, UK.
3 Psychology Department, Faculty of Social and Behavioural Sciences, Leiden University, Netherlands.
4 Health Psychology Department, Staffordshire University, Stoke-on-Trent, UK.
Corresponding author: 
Professor Rona Moss-Morris
Head of Health Psychology Section
Institute of Psychiatry, Psychology and Neuroscience 
King’s College London,
5th floor Bermondsey Wing
Guy’s Hospital Campus
London Bridge
London
SE1 9RT
Author emails
katrin.hulme@kcl.ac.uk
joanna.hudson@kcl.ac.uk
philine.rojczyk@gmx.de
p.little@soton.ac.uk

Word count: 4,541
Running head: A systematic review of risk factors of post-infectious fatigue.
Financial Support: 
This work was supported by the National Institute of Health Research (grant number RP-DG-1213-10001).
Competing interests: One of the authors of this review (RMM) was an author on two of the identified papers, one of which was included under the other for the purposes of the narrative synthesis as it incorporated findings already included in the other study. Otherwise, the authors have no competing interests to report.
Key words: Fatigue, Risk factors, Biopsychosocial, Post-infection, Systematic review, Narrative synthesis 
Abbreviations
CFS: Chronic Fatigue Syndrome
IM: Infectious Mononucleosis
RRV: Ross-River virus
GP: General Practitioner
N: Number
CDC: Centre for Disease Control and Prevention












Abstract
Objectives
Fatigue is a prevalent and debilitating symptom, preceded by an acute infectious episode in some patients. This systematic review aimed to identify risk factors for the development of persistent fatigue after an acute infection, to develop an evidence-based working model of post-infectious fatigue. 
Methods
Electronic databases (Medline, PsycINFO and EMBASE) were searched, from inception to March 2016, for studies which investigated biopsychosocial risk factors of on-going fatigue after an acute infection. Inclusion criteria were: prospective design; biological, psychological or social risk factors; standardised measure of post-infectious fatigue (self-report scales or clinical diagnosis). Studies were excluded if the sample had a pre-existing medical condition, infection was conceptualised as ‘vaccination’ or they were intervention trials. A narrative synthesis was performed. 
Results
Eighty-one full texts were screened, of which seventeen were included in the review. Over half included glandular fever populations. Other infections included dengue fever, ‘general’/’viral’ and Q-fever. Risk factors were summarised under biological, social, behavioural, cognitive and emotional subthemes. Patients’ cognitive and behavioural responses to the acute illness, and pre-infection or baseline distress and fatigue were the most consistent risk factors for post-infectious fatigue. 
Conclusion
An empirical summary model is provided, highlighting the risk factors most consistently associated with persistent fatigue. The components of the model, the possible interaction of risk factors and implications for understanding the fatigue trajectory and informing preventative treatments are discussed. 








Introduction

Fatigue is a commonly reported symptom. Every year 1.5% of the UK population present to the GP with tiredness or fatigue as a new symptom (Gallagher et al., 2004) and between 5-7% of people attending primary care present with a primary complaint of fatigue (Hamilton et al., 2010). 
Around half of people with tiredness/fatigue as a major or concurrent symptom recover within one year (Nijrolder et al., 2008a, Nijrolder et al., 2008b). However, for some, fatigue persists for over six months, which is then defined as chronic (O’Halloran et al., 2004, Centers for Disease Control and Prevention (CDC), 2012). If more stringent criteria are met, including fatigue that is disabling in nature, a diagnosis of chronic fatigue syndrome (CFS) may be made (Sharpe et al., 1991, NICE, 2007, CDC, 2012). A recent review suggests the prevalence of clinically assessed CFS is approximatley 0.76% of the population (Johnston et al., 2013). 
	A number of precipitants or triggers have been associated with chronic fatigue, but no clear cause has been found (Lorusso et al., 2009). One common precipitant is moderate to severe, infectious viral illness, including infectious mononucleosis (IM)/glandular fever, Ross-River virus (RRV) and Coxiella burnetti (Q-fever) (Ayres et al., 1998, Kondo, 2006, Hickie et al., 2006). However, the majority of people experiencing these infections do recover, suggesting that acute infection may be a ‘necessary but insufficient cause’ (White, 2007; p4). Current guidelines advocate tiredness/fatigue management in primary care by identifying and addressing relatively broad ‘modifiable psychological, social, and general health factors’ (NICE, 2015). However, it is currently not known which specific factors should be targeted. Summarising the current evidence of modifiable risk factors which interact with infection to maintain or perpetuate post-infectious fatigue may provide clearer guidance for treatment.  
A review by Candy et al. (2002) investigated clinical and psychological variables associated with recovery after IM and found that poor physical functioning predicted prolonged ill health, whilst evidence for symptom-related and psychological risk factors (mood disorder and personality) was mixed. The review, however, focused exclusively on IM and a number of prospective infectious studies have been published since this date. Additionally, the outcome was broadly defined as ‘recovery’ rather than persistent fatigue, for example, absence of persistent symptoms and psychological well-being. This could account for some of the inconsistent findings reported.
A more recent scoping review identified a large number of heterogeneous risk factors associated with the onset of CFS. These ranged from childhood trauma and mood disorder, to family members with CFS and recent ingestion of raw milk (Hempel et al., 2008). This review only included studies measuring clinically defined CFS, potentially missing risk factors of more general, persistent fatigue. Additionally, the studies included did not necessarily focus on post-infectious fatigue and ‘did not appear to reveal risk factors that are evidently useful for clinicians’ by being potentially modifiable (Hempel et al., 2008, p924).  Although fatigue can be precipitated by a range of factors, post infectious chronic fatigue may provide a more homogenous group to study (Fukuda et al., 1994). Therefore, the primary aim of this systematic review was to identify biopsychosocial risk factors associated with persistent fatigue post-infection across the fatigue trajectory, which are potentially modifiable. Unmodifiable demographic factors such as gender were beyond the scope of the review. The secondary aim was to summarise the empirical findings in a theoretical model to guide development of early interventions to treat post-infectious fatigue.  

Methods
Search strategy

The databases Medline, PsycINFO and EMBASE were searched from inception to March 2016. The search strategy combined MeSH terms and key-words relating to fatigue, predictive design and infection (see Appendix A for full search strategies). Relevant grey literature was identified by contacting experts in the field and searching OpenGrey. The reference lists and citations of included studies were also hand-searched. 

Study selection

Table 1 provides the overview of inclusion and exclusion criteria for studies. KH screened titles and abstracts and two authors (KH, PR) screened full-texts. Any uncertainties about study inclusion were resolved with the wider research team. 





	Table I

Inclusion and exclusion criteria

	Inclusion criteria
	Exclusion criteria

	Prospective study design 

	Intervention trials.

	Patients who had experienced an acute (short-term, non-chronic) infection confirmed by a doctor or laboratory test. 

	The patient sample had a pre-existing medical condition.

	Assessed the presence of fatigue at a stated follow-up time-point following the infectious episode.

	The patient sample was already chronically fatigued at baseline.

	Reported quantitative and empirical data investigating risk factors of fatigue.

	The infection was conceptualised as ‘vaccination’.

	Measured fatigue outcome using a valid and reliable self-report tool or diagnosis by a medical professional according to international diagnostic guidelines (Fukuda et al., 1994, Sharpe et al., 1991) or professional clinical opinion at follow-up.

	

	Measured biological, psychological, social or emotional risk factors, either before the onset or at the time of acute infection (not demographics).
	

















Data Extraction

The following information was independently extracted by KH and PR; infection characteristics, sample demographic characteristics, study design, statistical methods, risk factors, fatigue measure and follow-up time-points, and the statistical outcomes. Where relevant analyses were missing authors were emailed to request statistical results but responses were not received (N=3). Both univariate and multivariate results were extracted, but univariate findings were prioritised during synthesis to enable comparability across studies where possible.

Assessment of within study risk of bias and study quality
	
The methodological quality and risk of bias of included studies was assessed using The Effective Public Health Practice Project Quality Assessment Tool (Armijo‐Olivo et al., 2012). The tool rates studies on selection bias, study design, confounding variables, blinding, data collection and degree of withdrawal. The tool was modified to better assess observational studies, based on other tools (Downs and Black, 1998, Wells et al., 2000) (see Appendix B). We explored whether quality assessment domains could account for heterogeneity in review findings, according to recommendations by Reeves et al. (2008).

Methods of Analysis

The wide range of risk factors and fatigue measurement methods ruled out a meta-analysis. Therefore, narrative synthesis was used, identifying themes among risk factors (Popay et al., 2006). 
	To provide meaningful comparison, risk factor data were extracted in categories according to fatigue time scales and definitions. Current guidelines suggest categorising fatigue according to three time periods following acute infection; <=3 months, 4+ months, and 12+ months (NICE, 2015). Accordingly, we classified fatigue as i) sub-acute, ii) chronic and iii) long-term, respectively. Within the ‘chronic’ grouping a distinction was made between studies using diagnostic criteria (e.g. Oxford (Sharpe et al., 1991) and/or CDC criteria) to define ‘CFS’ and those measuring the presence of ‘chronic fatigue’ using self-report.
The review was conducted in accordance with PRISMA guidelines (Moher et al., 2009).
Results

Study Characteristics

The search returned 1,850 citations, of which 78 full texts were retrieved after screening titles and abstracts. Three full texts were identified from other sources. Eighteen articles met inclusion criteria. Study characteristics, including fatigue measures/criteria used, are detailed in Appendix C. Acute infections included IM (N=9), Q-fever, Ross-River virus (or a combination of the three), dengue fever, viral meningitis and shiga toxin-producing Escherichia coli 0104 (STEC) infection. Three studies investigated populations with ‘general’ or ‘viral’ infections. A range of follow-up time-points were used but six months (chronic) was the most common (N=11). The number of participants ranged from 71 to 2327, and mean ages fell between 16.09 years and 48.50 years.
	Three papers used the same cohort (Katz et al., 2009, Huang et al., 2010, Jason et al., 2014). As each of these papers reported different risk factors all were included in this review. Two papers reported anxiety and depression in different analyses for the same cohort of IM patients (Moss-Morris & Spence, 2006, Moss Morris et al., 2011); only data from the 2011 publication were included here and the 2006 publication was excluded. One study (Cope et al., 1996) included participants recruited from a previous cohort (Cope et al., 1994), with the addition of a healthy control group. The two papers were considerably different though; Cope et al. (1994) included more participants, used a cohort design and focussed on chronic fatigue, whereas Cope et al. (1996) focused on CFS and included controls. Therefore, both were included. In total, 17 papers are included in this narrative synthesis (see Figure 1).

Insert Figure 1 here

Grouping of risk factors

Significant risk factors were grouped under five component themes (biological, social, behavioural, cognitive and emotional), with sub-themes where applicable. These risks factors are summarised in Figure 2, with more details by theme and fatigue time-point (sub-acute, chronic and long-term) in tables 3-7 (Appendix D). Factors in bold in Figure 2 were the ones most consistently related to fatigue, either across time points and/or in multiple studies. Other variables were only associated with fatigue at certain time points. Variables found not to be risks for fatigue in any studies are listed in table 2 and, for the sake of brevity, are not included in the synthesis. 
Insert Figure 2 here

Table 8 (Appendix E) summarises the ratings for each study across the quality domains, with studies rated as weak, moderate or strong. Of the quality domains assessed, ratings between studies differed particularly for ‘confounders’, ‘data collection’ and ‘withdrawal’. Where there were discrepant findings across studies in relation to risk factors and fatigue outcomes, we explored whether study quality, sample characteristics or infection characteristics could account for these. 

1

	Table II

Measured variables which were not shown to be significant predictors of fatigue at any time-point.
	

	Biological

	Social
	Behavioural
	Cognitive
	Emotional


	Haemotological and biochemical parameters
Inflammatory markers
White cell count (Seet et al., 2007)
IL-6 levels and CRP levels (Kremers et al., 2014)
Stress markers
Cortisol - baseline AUC values, 
Cortisol - change in AUC (baseline to six  months)
(Candy et al., 2003)
General markers
(Concentrations of…) haemoglobin, haematocrit, platelet, sodium, potassium, urea, creatinine
(Seet et al., 2007)
Liver (among other) functions
(Concentrations of…) albumin, total bilirubin, alkaline transaminase, alkaline phosphatase, lactate dehydrogenase, prothrombin time, activated thromboplastin time 
(Seet et al., 2007)
yGT at 1 month, Bilirubin at 1 month (White et al., 2001)
Symptoms at time of infection
Acute sickness (Hickie et al., 2006)
Fever, Nausea, Poor appetite, Cough, Abdominal pain, Vomiting
Diarrhoea, Headaches (Seet et al., 2007)
Neurological symptoms, 4+ instances of diarrhoea on 3+ days
Abdominal pain, Length of bloody diarrhoea, Fever
(Löwe et al., 2014)
Medication during acute phase
Steriod therapy during acute phase (Katz et al., 2009)
Medication (antibiotic prescription) (Cope et al., 1994)
Previous symptoms
Premorbid atopy (Petersen et al., 2006)
Diarrhoea in past 4 months (Löwe et al., 2014)
Comorbid syndromes
Hemolytic uremic syndrome (Löwe et al., 2014)
Atopy (White et al., 2001)
Weight
Weight at baseline, Weight change over six months
(Schur et al., 2008)
	Doctor’s advice
… to rest
(Moss-Morris et al., 2011, Candy et al., 2003). 
… to avoid exercise
… to take medication (e.g. paracetamol) 
(Moss-Morris et al., 2011)

Sickness certificate in the year before IM
(Petersen et al., 2006)

Family influence
Family stress at or prior to onset
Family stress at or prior to onset continuing
Family stress since mononucleosis
Family stress since mono continuing
(Jason et al., 2014)
Family psychiatric history 
(Cope et al., 1996)
Childhood experience of illness in family
(Candy et al., 2003)
Perceived social support
(Löwe et al., 2014)
	Exercise
Exercise power
(White et al., 2001)
Does regular sport
(Candy et al., 2003)

Physical activity
Physical and sedentary activities pre-infection and at baseline: 20-Minute hard exercise, 20-Minute light exercise, television/video/computer, sleep, napping, other sedentary activity (Huang et al., 2010)
	Individual traits
Self- rated extroversion
Relative-rated extroversion
(White et al., 2001)
Pessimism
Optimism
(Löwe et al., 2014)

Illness beliefs
Believing fatigue had a physical cause at presentation
(Wessely et al., 1995)
General beliefs about viruses (combination of perception of personal vulnerability to viruses, attribution of ill health to viruses and general beliefs about prevention and treatability of viral illness) 
(Cope et al., 1994)

Other
Locus of control (internal versus external)
(Hickie et al., 2006)
Self-efficacy
Fear of death 
(Löwe et al., 2014)
	Symptoms at time of infection
Mood disturbance
(Hickie et al., 2006)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Biological factors

Haemotological and biochemical parameters
A large number of biological markers were assessed (see table 2 for non-significant biological risks), but only three appear to be significant risk factors. During infection, higher percentage of activated CD4 (helper) and CD8 (cytotoxic) t-cells (Candy et al., 2003) and aspartate transaminase concentration (a measure of liver inflammation) (White et al., 2001), were risk factors for sub-acute fatigue, although aspartate transaminase concentration was not significant in multivariate analyses (controlling for demographics, symptoms, laboratory and dengue severity covariates) in a less representative (hospital inpatient) dengue fever sample (Seet et al., 2007). 
Aspartate transaminase concentration was also a risk for more broadly defined chronic fatigue but not CFS (White et al., 2001). Activated CD4 and CD8 percentages were not risk factors for chronic fatigue or CFS (Candy et al., 2003).

Individual symptoms
A wide range of symptoms reported at the time of infection were investigated as risk factors for fatigue. Fatigue reported at the time of acute infection was a risk factor for sub-acute fatigue in an IM (White et al., 2001) and a combined IM, Q-fever, RRV sample (Hickie et al., 2006), but not in a dengue fever, inpatient sample (Seet et al., 2007). Other symptoms shown to be risks for sub-acute fatigue included lymphadenopathy (White et al., 2001), irritability, musculoskeletal pain, neurocognitive disturbance (Hickie et al., 2006), and presence of chills (Seet et al., 2007). A methodologically weaker study broadly measuring fatigue ‘in the year after onset’, reported lymphadenopathy was not associated with sub-acute fatigue (Petersen et al., 2006).
Of these symptoms, fatigue and musculoskeletal pain remained significant risk factors for chronic fatigue (White et al., 2001) and CFS (Cope et al., 1996, Hickie et al., 2006, Huang et al., 2010). Autonomic symptoms were also a risk factor for CFS (Jason et al., 2014).
In the only study to assess symptoms in relation to long-term fatigue only fatigue during infection was a significant risk (Hickie et al., 2006).



Severity of acute symptoms
	Self-reported severity of general somatic symptoms was a risk factor for sub-acute fatigue in an IM sample (Candy et al., 2003) but objectively rated dengue fever severity was not (Seet et al., 2007).
Self-reported severity of symptoms was not associated with chronic fatigue (Wessely et al., 1995, Candy et al., 2003), and neither was duration of inpatient care for STEC infection (Löwe et al., 2014). However, treatment in intensive care for STEC infection was associated with chronic fatigue (Löwe et al., 2014). 
	Self-reported severity of symptoms was associated with long-term fatigue in the only study to assess this time-point (Candy et al., 2003). 

Number of acute symptoms
Three studies investigated overall number of self-reported symptoms (Wessely et al., 1995, Candy et al., 2003, Moss-Morris et al., 2011). Number of general somatic symptoms was a risk factor for sub-acute fatigue in both IM studies to measure this (Candy et al., 2003, Moss-Morris et al., 2011). However, the number of IM-specific symptoms was not significantly associated with sub-acute fatigue (Moss-Morris et al., 2011). 
The number of general somatic symptoms was also a risk factor for chronic fatigue in one of two studies (Wessely et al., 1995) and for CFS (Moss-Morris et al., 2011), but number of infection specific symptoms was not a risk factor for chronic fatigue (Wessely et al., 1995, Moss-Morris et al., 2011).
High total number of symptoms was significantly related to long-term fatigue in the only study assessing this time-point (Candy et al., 2003). 

Pre-existing health issues
	Petersen et al. (2006) reported that pre-infectious fatigue was associated with sub-acute fatigue. In terms of chronic fatigue, pre-morbid fatigue was a risk factor in a higher quality, large community study (Wessely et al., 1995) but not a smaller, primary-care study (Cope et al., 1994). More general, pre-existing (chronic) health problems were associated with both chronic fatigue (Löwe et al., 2014), and long-term fatigue (van Loenhout et al., 2015). 



Social factors

Adverse events
Prior adverse events in the past year (e.g. parents divorcing or separating) were a risk factor for CFS in adolescents (Jason et al., 2014), but not for sub-acute, chronic or long-term fatigue after IM (Candy et al., 2003) or sub-acute fatigue after STEC infection (Löwe et al., 2014) in adults. 

GP interactions
Sick certification related to the acute infection was a risk factor for chronic fatigue (Cope et al., 1994) and CFS (Cope et al., 1996), as was uncertain diagnosis of viral illness (Cope et al., 1994). 

Behavioural factors
	
All-or-nothing behaviour 
One study found all-or-nothing behaviour, i.e. pattern of over-activity followed by the need to rest up and recover at the time of acute infection, was a risk factor for both sub-acute fatigue and CFS (Moss-Morris et al., 2011). 

Limiting behaviour
Bed-rest during the illness (i.e. number of days in bed) was a risk factor for sub-acute fatigue (White et al., 2001), whereas self-reported limiting behaviour (i.e. reduction or avoidance of activity) (Moss-Morris et al., 2011) and being off work for more than 10 days (Candy et al., 2003) were not.
Bed-rest (White et al., 2001, Jason et al., 2014) and days off school (Jason et al., 2014) were risk factors for CFS but, once again, self-reported limiting behaviour and being off work were not associated with CFS (Moss-Morris et al., 2011) or chronic or long-term fatigue (Candy et al., 2003).

Previous GP attendance 
The number of GP consultations in the year prior to illness was a risk factor for sub-acute fatigue in one study broadly defining fatigue ‘in the year after onset’ (Petersen et al., 2006) but not in another using a defined time-point of 2 months (White et al., 2001). Prior GP consultations were also a risk factor for CFS, but not chronic fatigue (White et al., 2001).

Functioning and fitness
A few different operationalisations of functioning and fitness were investigated. Impaired general functioning and poor physical functioning in the month prior to and during infection, were risk factors for sub-acute fatigue (Candy et al., 2003). Conversely, better physical fitness at baseline (objectively measured using a step test) was associated with a reduced risk of sub-acute fatigue (White et al., 2001).
Of these variables, only physical fitness was associated with reduced risk of chronic fatigue and CFS (White et al., 2001). School based functioning was not associated with CFS in adolescents (Jason et al., 2014).
In the one study which looked at long-term fatigue, only impaired general functioning was a risk factor (Candy et al., 2003).

Cognitive factors

General individual differences 
Perceived stress 
Jason et al. (2014) found that perceived stress was related to CFS in adolescents but Moss-Morris et al. (2011) did not find the same relationship in adults. Both studies reported univariate analyses, investigated IM and were of good quality across each of the domains assessed. 

Negative perfectionism
Moss-Morris et al. (2011) reported that ‘negative perfectionism’, i.e. striving to achieve high goals to avoid negative consequences (Slade and Owens, 1998), was a risk factor for CFS, but not sub-acute fatigue.

Attributional style
Somatising (attributing symptoms to physical illness) and absence of normalising (attributing symptoms externally to situational or environmental factors) were risk factors for chronic fatigue (Cope et al., 1994). A psychological attribution style (attributing symptoms internally to emotional distress) was a risk factor for both chronic fatigue (Cope et al., 1994) and CFS (Cope et al., 1996).

 Neuroticism
Neuroticism (also conceptualised as self- or relative-rated emotionality (White et al., 2001)) was not a risk factor for sub-acute fatigue (Hickie et al., 2006, White et al., 2001). It was related to chronic fatigue after STEC infection (Löwe et al., 2014) and CFS in an IM sample (White et al., 2001) but not a combined IM, Q-fever, RRV sample (Hickie et al., 2006). In the one study using a long-term fatigue follow-up, neuroticism was not associated with long-term fatigue (Hickie et al., 2006). 

Illness specific perceptions 
Various dimensions of patients’ beliefs about their illness were investigated in two IM studies: identity beliefs (patients’ attribution of general somatic symptoms to their acute infection) (Moss-Morris et al., 2011), prolonged recovery beliefs, and perceiving more serious illness consequences were all risk factors for sub-acute fatigue (Moss-Morris et al., 2011, Candy et al., 2003). Low personal control beliefs were a risk factor for sub-acute fatigue in one of these two studies (Moss-Morris et al., 2011). Conversely, higher coherence (how much someone feels they understand their acute illness) significantly reduced the risk of sub-acute fatigue, effectively acting as a protective factor (Moss-Morris et al., 2011). Interestingly, no studies found attributing the illness to a virus was a risk factor.
Of these illness beliefs, prolonged recovery beliefs remained a risk factor for chronic fatigue (Candy et al., 2003) and CFS (Moss-Morris et al., 2011). Believing the infection to have serious consequences was also still a risk for chronic fatigue (Candy et al., 2003) but not CFS (Moss-Morris et al., 2011). Moss Morris et al.’s (2011) study received a higher quality rating because of its larger sample size and fewer dropouts. Higher coherence was again protective in relation to CFS (Moss-Morris et al., 2011).
None of the illness beliefs were risk factors of long-term fatigue in the one study with this follow-up time-point (Candy et al., 2003).





Emotional factors

Anxiety
Anxiety was investigated in two IM studies (White et al., 2001, Moss-Morris et al., 2011). It was a risk factor for sub-acute fatigue in one of these (Moss-Morris et al., 2011). Both studies found anxiety to be a risk factor for CFS, but not chronic fatigue (Moss-Morris et al., 2011, White et al., 2001).

Depression
Depression at baseline was investigated in the same two studies. Only one of these found it to be a risk for sub-acute fatigue and CFS (Moss-Morris et al., 2011), although White et al. (2001) reported it was a risk factor for chronic fatigue. 

Distress
Five studies focused on psychological distress; either general or illness related (negative perceptions of the emotional impact of symptoms). 
General (Candy et al., 2003) and illness related (Moss-Morris et al., 2011) distress were both risk factors for sub-acute fatigue. General distress was also a risk factor for chronic fatigue (Cope et al., 1994, Wessely et al., 1995, Candy et al., 2003), but not CFS (Cope et al., 1996), although no data was provided to support the latter finding. Illness related distress was associated with CFS (Moss-Morris et al., 2011).
 In the only study measuring long-term fatigue, general distress was not a risk factor (Candy et al., 2003). 

Psychiatric diagnosis 
Psychiatric diagnosis at the time of infection was not related to sub-acute fatigue (Hickie et al., 2006). 
In terms of CFS, psychiatric diagnosis was a risk factor in univariate analyses of an adolescent IM cohort (Jason et al., 2014) but not in multiple regression analyses of an adult, combined IM/Q-fever/RRV cohort (Hickie et al., 2006). Psychiatric diagnosis at time of infection was not associated with long-term fatigue (Hickie et al., 2006).



Premorbid (pre-infection) distress
A large number of operationalisations of premorbid distress, including the presence of pre-morbid mood disorder, psychiatric disorder (interview and GP record of disorder/treatment) and emotional problems were measured in eight studies.
Premorbid emotional risk factors for sub-acute fatigue were investigated by four studies (White et al., 2001, Candy et al., 2003, Hickie et al., 2006, Petersen et al., 2006). Of these, only one study (the weakest on the data collection quality domain) reported an association with sub-acute fatigue (Petersen et al., 2006). 
In terms of chronic fatigue, only two of the 14 pre-morbid distress measures (across four studies) were risk factors: GP record of pre-morbid mood disorder (White et al., 2001) and psychological morbidity during community sampling (Wessley et al., 1995).
In terms of CFS, five of the 11 investigated variables (across 3 studies) were shown to be risk factors, all in White et al.’s (2001) study.   
 Premorbid distress, conceptualised as ‘psychiatric history from case-notes’, was a risk factor for long-term fatigue in one study with a broad follow-up period of 6-24 months (mean=18) (Hotopf et al., 1996), whereas it was not a risk at 12 months in two studies, when conceptualised as previous psychiatric disorder (diagnostic interview) (Hickie et al., 2006) or emotional problems (questionnaire) (Candy et al., 2003).


Discussion

Risk factors of persistent fatigue after acute infection varied depending on follow-up time-point and fatigue outcome definition. Despite this heterogeneity, there were some patterns in the data where variables were either risks for fatigue across time-points and/or definitions, or multiple studies reported that a particular variable was a risk factor.  These factors are summarised in Figure 2. Across all infection types, ‘distress’ and ‘fatigue at time of infection’ were significant risk factors for chronic fatigue. Other variables were only significantly associated with persistent fatigue at certain time points, suggesting that the significance of some risk factors may differ across the trajectory of sub-acute, chronic and long term fatigue. 
Biological factors, including CD4, CD8 and aspartate transaminase biomarkers and a range of infectious symptoms, largely appeared to be significant risk factors for sub-acute rather than chronic fatigue. The increased percentage of activated CD4 and CD8 suggests an altered inflammatory response, whereby the immune system is chronically activated (Lorusso et al., 2009). Chronic activation may also produce more severe infectious symptoms. This is in line with the findings that infectious symptoms such as lymphadonophathy, fatigue and pain were also risks for sub-acute fatigue. 
Risk factors for fatigue across multiple time-points were patients’ cognitive and behavioural responses to their illness and symptoms, tendency to report a wide range of somatic symptoms when acutely ill, distress at time of infection (both general and illness related), and fatigue (both pre-morbid and at time of acute infection). Physical fitness at baseline reduced risk of fatigue post-infection. Findings for premorbid psychiatric diagnosis were more mixed.  There were more negative than positive results in this area, suggesting that whilst chronic fatigue is related to distress it is less likely to be a sequelae of a mental health disorder. 
Sick certification and longer bed-rest at the time of infection were also associated with chronic fatigue and/or CFS. These risks could represent more severe infection or inflammatory responses and general ill health. On the other hand, they may represent generalised illness worry, reflected in the cognitive behavioural risks for fatigue across the six-month trajectory. These include the tendency to attribute symptoms to either psychological or physical illness rather than normal events, and to view illness and symptoms as chronic, serious and difficult to understand. The key self-reported behavioural risk was a pattern of boom and bust (all-or-nothing) whereby patients overdo things on days they feel better and then have prolonged periods of needing to rest up as a consequence (Surawy et al., 1995). Only one study included this behavioural variable, so conclusions must be tentatively drawn. 
Finally, although retrospective reporting suggests previous stressful events precede CFS (Hatcher & House, 2003, Nater et al., 2011), the prospective findings for the role of prior stressful or adverse events were mixed, with only one of three studies (focused on adolescents) showing a significant association with fatigue (Jason et al., 2014). It may be that an individual’s feelings of stress or distress or an accumulation of daily hassles and pressures (rather than the occurrence of specific stressful events) are risk factors for ongoing fatigue, i.e. the subjective experience of stress levels (Nater et al., 2011). One study found that high personal standards (negative perfectionism) was associated with CFS which is in line with subjective feelings of falling short of self-imposed standards (Moss-Morris et al., 2011).  
All the prospective studies reviewed investigated simple linear associations between these biopsychosocial factors and persistent post-infection fatigue. However, existing theoretical models of persistent physical symptoms propose predisposing, precipitating and perpetuating risk factors which interact to create a vicious cycle of physical symptom maintenance (Deary et al. 2007, Moss-Morris et al., 2012). Drawing from and incorporating these theories, we present a hypothetical model of fatigue which illustrates how the risks factors identified in this review may interact to maintain a vicious cycle of fatigue after infection (see Figure 3). 
Pre-existing health issues and fatigue, lack of fitness and distress/stress may be predisposing factors for post-infectious fatigue. When individuals with one or more of these vulnerability factors are exposed to an infection this may precipitate a heightened immune response and more severe acute symptoms. In turn, this may result in increased bed-rest, sick certification and time off work (prolonged inactivity).  In response, people may push quickly to get back to previous levels of activity only to find this ‘boom’ behaviour produces further symptoms. If these symptoms are attributed to a psychological or physical illness, rather than normalising these in relation to pushing too hard after a time of bed-rest or severe symptoms, patients may develop a negative representation of symptoms.  The response may be to rest again (bust behaviour) rather than risk activity. This in turn produces more symptoms and an ongoing vicious cycle.  Future research exploring interactions between these factors is needed to validate this model.  

Insert Figure 3 here.


Clinical Implications
As prolonged bed-rest, sick certification and all-or-nothing behaviour are associated with persistent fatigue, careful guidance about gradual return to work and activity may be more useful than suggesting patients should rest (Candy et al., 2002). Reducing the chance of physical deconditioning is important given findings that individuals with IM in a constrained activity condition took significantly longer to recover than those whose activity was unrestricted (Dalrymple, 1964). 
The evidence of cognitive behavioural factors and poor illness coherence as risk factors of post-infectious fatigue illustrates the importance of providing clear, explanatory models to patients, including the fact that prolonged symptoms may not necessarily relate to the original infection. It also highlights the potential for simple behavioural interventions to enhance post-infection recovery, as demonstrated by a small, pilot randomised control trial targeting gradual return to activity in IM patients (Candy et al., 2004). 

Strengths and limitations of the review
	By focusing on prospective studies, this review allows greater confidence in directional relationships and identifies findings that could be relevant for persistent fatigue prevention. 
Whilst some studies undertook analyses controlling for certain variables, others did not. Where possible we extracted results relevant to the simplest, uncontrolled data analyses to promote comparability and decrease heterogeneity across studies. However, as some did control for possible confounds, this may have led to mixed findings in some areas. 
Importantly, the proposed model is constrained by the findings reported. Conclusions cannot be drawn about factors which have not been measured. Similarly, we cannot conclude which risk factors are ‘most important’. We looked for consistency across studies and/or time-points and highlighted these factors in Figure 2. However, the variety of individual factors included, and importantly their inclusion in only one or two studies, limits the weight that can be assigned to these findings. Thus, it is important to stress that Figure 2 should only be viewed as a summary of this review’s findings in parallel with tables 3-7, as opposed to a definite model of the perpetuation of chronic fatigue. Therefore, although potential risk factors for persistent post-infectious fatigue have been highlighted by this review, these associations require further replication to confirm their role, particularly as the heterogeneity amongst findings could be accounted for by multiple factors: sample characteristics, clinical characteristics, level of analysis or study quality. The extent of the involvement of these factors requires clarification.

Future research
Most prospective studies explored linear relationships between persistent fatigue and a few risk factors in a clinical population, without specifying a theoretical model. Few used community sampling and none explored the possible interaction between risk factors. Using a defined model to choose risks factors in future work, and doing so within a large longitudinal sampling frame, will help build knowledge of the complex interaction of factors likely to be associated with fatigue after infection. More consistent control of possible confounders (e.g. age and gender) across studies would also allow for more direct comparison between studies. Investigating the interaction with other physiological variables associated with chronic fatigue such as decreased cortisol secretion, postural orthostatic tachycardia and microbiome abnormalities may help elaborate the biological parameters underpinning persistent fatigue (Powell et al., 2013, Lewis et al., 2013, Giloteaux et al., 2016).  

In conclusion, the evidence and model presented are dependent on studies’ focus and methodology. Caution is advised when drawing conclusions about risk factors measured by a small number of studies. Despite the heterogeneity, certain variables were shown to be significantly associated with persistent fatigue across multiple studies and/or across the six-month fatigue trajectory, many of which encompassed aspects of patients’ responses to illness. These modifiable psychosocial risk factors lend themselves to future early interventions to manage sub-acute, post-infectious fatigue.
































Figure captions

Figure 1: Flow diagram detailing study inclusion and exclusion.
Figure 2: A summary of the biopsychosocial variables shown to be potential risk factors for persistent post-infectious fatigue up to six months.
*Note: Risk factors in bold are those factors that were associated with persistent fatigue across time-points in the six-month trajectory, or those which were duplicated across studies. Those not in bold were mixed findings. Such discrepancies could be explained by different infectious illnesses, study characteristics (e.g. sample size, sample population, quality), statistical analyses (e.g. univariate versus multivariate), measures used (e.g. self-report versus objective measures) or fatigue measurement factors (e.g. definition, time-point). Evidence for risk factors marked with  ~  was very variable. 
Figure 3: A hypothetical vicious cycle of interacting risk factors for fatigue. 
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