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Abstract 

Background  Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) is a multifactorial illness that affects 
many body systems including the immune, nervous, endocrine, cardiovascular, and urinary systems. There is cur‑
rently no universal diagnostic marker or targeted treatment for ME/CFS. Urine is a non-invasive sample that provides 
biomarkers that may have the potential to be used in a diagnostic capacity for ME/CFS. While there are several studies 
investigating urine-based biomarkers for ME/CFS, there are no published systematic reviews to summarise existing 
evidence of these markers. The aim of this systematic review was to compile and appraise literature on urinary-based 
biomarkers in ME/CFS patients compared with healthy controls.

Methods  Three databases: Embase, PubMed, and Scopus were searched for articles pertaining to urinary biomarkers 
for ME/CFS compared with healthy controls published between December 1994 to December 2022. The final articles 
included in this review were determined through application of specific inclusion and exclusion criteria. Quality and 
bias was assessed using the Joanna Briggs Institute Critical Appraisal Checklist for Case Control Studies. A meta-analy‑
sis according to Cochrane guidelines was conducted on select studies, in particular, those that investigate urinary free 
cortisol levels in ME/CFS patients compared to healthy controls using the program STATA 17.

Results  Twenty-one studies were included in this review. All of the studies investigated urinary-based markers in ME/
CFS patients compared with healthy controls. The reported changes in urinary outputs include urinary free cortisol 
(38.10%), carnitine (28.6%), iodine (4.76%), and the metabolome (42.86%). In most cases, there was minimal over‑
lap in the main outcomes measured across the studies, however, differences in urinary free cortisol between ME/
CFS patients and healthy controls were commonly reported. Seven studies investigating urinary free cortisol were 
included in the meta-analysis. While there were significant differences found in urinary free cortisol levels in ME/
CFS patients, there was also substantial heterogeneity across the included studies that makes drawing conclusions 
difficult.

Conclusions  There is limited evidence suggesting a consistent and specific potential urinary-based biomarker for 
ME/CFS. Further investigations using more standardised methodologies and more stringent case criteria may be 
able to identify pathophysiological differences with diagnostic potential in ME/CFS patients compared with healthy 
controls.
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Introduction
Myalgic Encephalomyelitis/Chronic Fatigue Syndrome 
(ME/CFS) is a chronic, multi-system illness characterised 
by a diverse range of symptoms such as post-exertional 
malaise (PEM) in combination with neurological, immu-
nological, cardiovascular, and endocrine manifestations. 
This illness is estimated to impact 17–24 million people 
worldwide, approximately equating to 1% of the popula-
tion [1]. Currently there is no laboratory-based diagnos-
tic test and it is a condition determined on the basis of 
exclusion of any other potential medical explanation [2].

The most widely accepted case definitions currently in 
use to define and diagnose ME/CFS include Fukuda cri-
teria (FC) (1994), Canadian Consensus Criteria (CCC) 
(2003), International Consensus Criteria (ICC) (2011). 
The Institute of Medicine Criteria (IOMC) is also some-
times utilised (2015) [3–6]. Autonomic manifestations 
including changes in urinary frequency and genitouri-
nary disturbances are acknowledged in the CCC and ICC 
criteria, respectively [4, 5].

Many health-related characteristics can be observed 
through analysis of urine samples [7]. Urine also has the 
ability to optimise medical testing methods due to ease, 
accessibility, abundance, and convenience of collection 
[7]. Urine samples may also offer specific knowledge 
not assessed in blood samples relating to the involve-
ment of the renal system, systemic waste products, uri-
nary metabolites, or signs of local infection as commonly 
practised in the clinical setting in the form of dipsticks 
and microscopy urinalysis [8].

Research continues to seek biomarkers of this illness 
which may assist in a more consistent clinical diagnosis 
of ME/CFS [9]. Identifying consistent biomarkers may 
also assist in understanding the pathophysiology of ME/
CFS and therefore offering insight into potential tar-
geted treatment options [9]. Currently there is a signifi-
cant body of research investigating blood-based markers; 
however, no systematic reviews have primarily focused 
on the biomarkers within the urine amongst ME/CFS 
patients [10].

This systematic review therefore aims to compile and 
appraise existing ME/CFS research on urinary biomark-
ers and to analyse this research to assess if any trends 
exist which may have implications relating to the patho-
genesis or diagnosis of ME/CFS.

Methods
Literature search
This systematic literature review followed the process 
outlined in the “Preferred Reporting Items for System-
atic Reviews and Meta-Analyses” (PRISMA) guidelines 
[11]. Only articles that specifically contained the key-
words were included as recommended by Cochrane’s 

guidelines; therefore, no studies were handpicked. Inter-
national Prospective Register of Systematic Reviews 
(PROSPERO, National Institute for Health Research) was 
used to screen published listings to assess originality of 
topic investigated. The protocol was prospectively regis-
tered on the server (ID: CRD42023389666) on the 16th 
of January 2023. Three search databases were utilised: 
PubMed, Embase and Scopus. These databases were sys-
tematically searched with the terms “Fatigue Syndrome, 
Chronic” in conjunction with urine, renal, filtrate, and 
urinalysis. Medical subject headings (MeSH) and full text 
terms were used to expand the search. Boolean operators 
‘OR’ and ‘AND’ were applied to ensure all the required 
terms were included and to identify articles containing 
both an urinary search term and ME/CFS search terms. 
The full list of search terms are shown in Additional file 1. 
Initial independent searches were conducted by authors 
AT and RM using the same methodology on the 12th of 
December 2022. A subsequent and final search was con-
ducted on 18th of January 2023.

Inclusion and exclusion criteria
The systematic literature review included a search of all 
three databases with the following inclusion criteria: (1) 
original, full-text publications available in English (no 
reviews, duplicate studies, or case studies); (2) human 
observational studies conducted in adults (≥ 18  years 
old); (3) published following the introduction of the FC in 
1994; (4) ME/CFS patients fulfil at least one of the follow-
ing case definitions: FC (1994), CCC (2003), ICC (2011) 
or the IOMC (2015); (5) the studies investigated urinary 
products in ME/CFS compared with a HC group.

Articles were excluded if any of the following exclu-
sion criteria applied: (1) articles that reported on non-
original data including: reviews, duplicate studies or case 
studies or not written in the English language; (2) studies 
including interventional assessments that did not include 
baseline data (baseline data remained relevant to this lit-
erature review as it was recorded before the influence of 
an intervention); (3) studies involving participants that 
were under 18  years of age or non-human; (4) articles 
published before the establishment of the FC in Decem-
ber 1994 or that uses an alternative criteria other than 
FC, CCC, ICC, or IOMC; (5) studies that were outside 
the scope of this systematic literature review.

Selection of studies
Any duplicate papers were deleted utilising the auto-
mated screening function via EndNote 20. A further 
two duplicate papers were deleted after manual screen-
ing. Once the initial screening of abstract and title was 
completed, full papers were reviewed to ensure they 
met the selection criteria. This process was undertaken 
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independently by both authors AT and RM to confirm 
the final selection of papers was consistent between 
authors in order to reduce selection bias.

Data extraction
The following data when available was extracted from 
each of the included publications: (1) author; (2) year; 
(3) study type; (4) ME/CFS diagnostic criteria; (5) sam-
ple size; (6) age of participants; (7) sex percentage; (8) 
body mass index (BMI); (9) illness duration; (10) urine 
collection method; (11) urinary product; (12) analysis 
method; and (13) study findings.

Statistical analysis
A meta-analysis according to Cochrane guidelines was 
conducted on select studies using the program STATA 
17. An inverse- variance, fixed- effect method approach 
was used. An I2 statistic was also calculated to meas-
ure heterogeneity between the studies. A fixed-effects 
model over a random-effects model was selected as 
there were only a small number of studies included in 
this meta-analysis and the outcome of interest: urinary 
free cortisol (UFC) was measured using similar meth-
odologies across the studies, this suggests there may be 
a common effect. A sensitivity analysis was conducted 
to determine the influence of potential outliers.

Quality assessment
The 2017 Joanna Briggs Institute (JBI) Critical 
Appraisal Checklist for Case Control Studies (CAC-
CCS) checklist was used to assess the quality and bias 
of the reviewed papers. The JBI checklist items are as 
follows: (1)  group matching, (2) source population, 
(3) criteria,  (4) method of exposure, (5)  assessment of 
exposure, (6)confounding variables identification, (7) 
mitigation of confounding variables, (8) measurement 
of outcomes, (9) exposure period selection, (10) sta-
tistical analysis. The JBI CACCCS quality assessment 
table and descriptions are compiled in Additional file 4.

Due to the exclusion of post intervention study 
data, JBI checklist numbers four, five and nine were 
not applicable. The remaining checklist items were 
assessed independently by both authors AT and RM 
and the results were compared and discussed to ensure 
consistency between both authors. As item 10 for two 
publications [12, 13] remained inconsistent following 
discussion between AT and RM, NEF also conducted 
a quality assessment for these items. The final quality 
analysis was deemed accordant by all authors.

Results
From the following databases: Pubmed (n = 115), Embase 
(n = 165), and Scopus (n = 127), a total of 407 publica-
tions were retrieved. Following duplicate removal and 
abstract and title screening the total number of publica-
tions included in this review was refined to 21 [12–32]. 
This search method was conducted according to the 
PRISMA guidelines, and the process has been outlined in 
Fig. 1. Seven studies were included in the meta-analysis 
[16, 17, 19, 20, 29–31]. All studies investigated UFC out-
put in ME/CFS patients compared to HC [16, 17, 19, 20, 
29–31].

Overview of publications
The study and participant characteristics are summa-
rised in Additional file 2. All the publications included in 
this review were observational case control studies that 
investigated urinary product abnormalities in ME/CFS 
compared with HC [12–32]. Two of the studies investi-
gated potential therapeutics; however, only the baseline 
results prior to intervention were included in this review 
[17, 21]. The average number of ME/CFS patients and 
HC across the studies was 36.78 and 32.10, respectively. 
Only one of the studies reported on race where 93% of 
participants were Caucasian [25]. The average age of 
ME/CFS patients was 37.82 ± 9.19 and the average age of 
HC was 36.71 ± 7.54. Across the studies, 72.66% of ME/
CFS patients and 67.31% of HC were female. Fourteen 
of the studies included patients that met a minimum of 
the FC for diagnosis [12, 16, 19–25, 28–32]. Four studies 
recruited patients diagnosed according to the CCC [14, 
15, 26, 27], and three studies recruited patients diagnosed 
using the ICC [13, 17, 18]. No studies used the IOMC to 
diagnose patients. BMI and illness duration information 
was extracted from the publications and included in the 
results table; however, due to many studies not providing 
a value, an average was not calculated as the result may 
not be representative of all the included studies.

The timed long-term specimen collection method 
(24  h) was most prominently used to source urine 
whereby 14 studies used this method of sample collection 
[12, 13, 16–18, 20, 21, 25, 26, 28–32]. Four studies exclu-
sively used a single first morning specimen urine collec-
tion method [14, 15, 24, 27]. Jones et al. collected urine 
samples using both a first morning and timed short-term 
(6  h) specimen collection method [22, 23]. Jerjes et  al. 
used the timed short-term urine specimen collection 
method; however, this was repeated every 3  hours over 
a 15 h period [19]. Three studies reported no significant 
difference in average urine volumes between ME/CFS 
patients and HC [16, 18, 20]. McGregor et  al. however, 
reported an association with higher urine volume and 
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increased pain distribution in ME/CFS patients com-
pared with HC [26].

Literature reporting on changes in hormone or hormone 
substrates excreted from the urine
UFC was most frequently measured across all the stud-
ies included in the review. A total of eight studies inves-
tigated UFC in ME/CFS compared with HC (38.10%) [16, 
17, 19–21, 25, 29, 30]. Most studies used a radioimmu-
noassay to measure cortisol levels [16, 17, 19, 20, 29, 30]. 
Inder et  al. used enzyme-linked immunosorbent assay 

(ELISA) to measure urinary cortisol [31]. The method 
used to measure UFC was not described by Maloney 
et al. [25]. Four studies reported reduced UFC in ME/CFS 
patients compared with HC [16, 17, 20, 29]. Cleare et al. 
however, found that there were only significant differ-
ences in UFC in ME/CFS patients compared with HC in 
patients that reported not being on any medication [16]. 
Jerjes et al. measured cortisol and cortisone levels every 
3  hours over a 15  h period [19]. The authors reported 
that there were significantly lower levels of both corti-
sol and cortisone at all timepoints except between 1800 
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Fig. 1  PRISMA flow diagram of literature search for included studies in this review of urinary product biomarkers in ME/CFS compared to HC
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and 2100 h in ME/CFS patients compared with HC [19]. 
Three studies reported no significant differences in UFC 
excretion between ME/CFS patients and HC [20, 30, 31]. 
Maloney et  al. found that allostatic load was higher in 
ME/CFS patients compared with HC [25]. The authors 
identified that urinary cortisol was a key component of 
allostatic load that could accurately discriminate between 
ME/CFS patients and HC [25]. However, the level of UFC 
was not reported by Maloney et al. [25].

A meta-analysis was conducted on seven of the 
included studies that investigated UFC and findings were 
presented as a forest plot (Fig. 2) [16, 17, 19, 20, 29–31]. 
Maloney et al. was excluded from the analysis as they did 
not report a value for UFC [25]. A meta-analysis was only 
conducted on UFC as all other urinary measures did not 
measure the same outcomes. The z test found that there 
was a significant difference in UFC between ME/CFS 
and HC (p = 0.001), however, the level of heterogene-
ity between the studies was also at 90.13% and was sig-
nificant (p = 0.001). A standard funnel plot representing 
small-study effects was also produced to illustrate poten-
tial deviations across the studies indicating potential 
publication bias (Additional file 3). Three studies: Cleare 
et al., Young et al., and Inder et al. effects deviate signifi-
cantly from the estimated θiv [17, 30, 31].

Urinary cortisol metabolites were measured in three 
studies [20–22]. There were no significant differences 
found in urinary cortisol metabolite levels between 
ME/CFS patients and HC in any of the studies [19–21]. 
Cleare et al. measured 24 h urinary output of growth hor-
mone between ME/CFS patients and HC. There was no 

significant difference in output between both groups [18]. 
Ruiz-Núñez et al. reported that 24 h urine iodine output 
was significantly lower in ME/CFS patients compared 
with HC [28].

Literature reporting on changes in creatinine levels
Creatinine was also frequently investigated across the 
included studies in this review. Six studies investigated 
creatinine levels in ME/CFS patients compared with HC 
(28.6%) [12–15, 23, 24]. The technique used to measure 
creatinine varied between the studies. Two studies used 
the Jaffa method to measure participant urine creatinine 
levels [22, 24]. One study used capillary electrophore-
sis [12], another used a radio-enzymatic assay [23]. The 
methodology employed to measure creatinine levels by 
Lidbury et al. was unclear [13]. Two studies reported sig-
nificant changes in creatinine excretion profile in ME/
CFS patients compared with HC [12, 13]. Casado et  al. 
compared creatinine concentrations in ME/CFS patients 
with and without comorbid fibromyalgia (FM) with HC. 
Urine creatinine concentration was significantly lower in 
ME/CFS/FM compared with HC [12]. Casado et al. also 
measured electrophoretic peaks representing creatinine 
and uric acid levels and found significant differences in 
patterns including peak amplitude and prevalence when 
comparing ME/CFS patients and HC [12]. Lidbury et al. 
found that 24  h urinary creatinine clearance was sig-
nificantly lower in ME/CFS patients and in combina-
tion with serum urea and serum activin showed strong 
predictive capability (AUC: 0.963) in identifying ME/
CFS patients from HC [13]. In contrast, Armstrong et al. 

Fig. 2  Fixed-effect inverse- variance model meta-analysis forest plot of studies investigating UFC in ME/CFS patients and HC. Significance is 
measured at a 95% confidence interval (p ≤ 0.05). z test, p- value = 0.00. Heterogeneity (I2) = 90.13% (test of θi shows p = 0.00). CI confidence interval, 
H heterogeneity, ME/CFS myalgic encephalomyelitis/chronic fatigue syndrome; n number, SD standard deviation, UFC urinary free cortisol
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found that creatinine levels were significantly higher in 
ME/CFS patients compared with HC [14, 15]. Maes et al. 
found associations between variance in urinary deoxy-
guanosine (8-OHdG) and urinary excretion of creatinine 
[24]. The levels of urinary creatinine in ME/CFS patients 
or HC; however, was not reported [24]. Two publications 
reported no significant differences in creatinine excretion 
profiles between both groups [22, 23]. Jones et al. found 
no significant differences in creatinine and free creati-
nine levels or total carnitine excretion rates in ME/CFS 
patients compared with HC [23]. Another study by Jones 
et al. also reported no significant differences in creatinine 
levels between ME/CFS patients and HC [22].

Literature reporting on changes in urinary metabolites
A total of nine studies investigated urinary metabolites 
in ME/CFS patients compared with HC (42.86%) [14, 15, 
19–22, 26, 27, 32]. Differences in levels of energy metabo-
lism products in the urine were reported in three studies 
[14, 15, 27]. These three studies used nuclear magnetic 
resonance (NMR) spectroscopy to measure metabolites 
[14, 15, 27]. There was limited overlap with the metabo-
lites measured. Significantly lower levels of pyruvate were 
described in one study [14] and lower urine acetate levels 
in ME/CFS patients compared with HC was described in 
two studies [14, 26]. McGregor et  al. described signifi-
cantly lower acetate levels in ME/CFS patients that expe-
rienced PEM in the seven days prior to urine collection 
or ME/CFS patients that did not [27]. Armstrong et  al. 
conducted a correlation analysis between these urine 
metabolites and faecal/blood serum metabolites between 
ME/CFS and HC; however, significant associations were 
only observed in HC [15].

Changes in amino acid products in the urine are equiv-
ocal [14, 22, 32]. Two studies used gas chromatography 
to measure metabolites except Armstrong et al. who used 
NMR spectroscopy [14, 22, 32]. β-alanine was measured 
in two studies [22, 32]. Jones et al. reported significantly 
lower excreted β-alanine in ME/CFS patients compared 
with HC [22]. Hannestad et  al. however, found no sig-
nificant differences found in excretion levels of β-alanine 
between ME/CFS patients and HC [32]. Hannestad et al. 
also measured levels of γ-Aminobutyric acid (GABA) 
and reported no significance between ME/CFS patients 
and HC nor was there a difference in β-alanine excretion 
of GABA between the two groups [32]. Minimal over-
lap of the differences in amino acid metabolic products 
is reported in ME/CFS compared with HC, however, 
these are not significant between ME/CFS and HC. Sig-
nificantly lower levels of the following amino acids were 
described in ME/CFS patients: hydroxyproline, histidine, 
valine, methionine, cystine, alanine, serine, and phenyla-
lanine [14, 22].

In the three studies that investigated cortisol metabo-
lites, no significant differences between ME/CFS patients 
and HC were found in any of the products [19–21].

Quality analysis
Quality and bias were assessed using the CACCCS 
checklist. Items 4, 5, and 9 were not applicable as inter-
ventional studies were excluded from this review. All 
articles addressed item 6, including appropriately identi-
fying confounding factors and item 8, that outcomes were 
assessed in a standard, valid, reliable way (100%) [12–32]. 
While every study identified confounding factors, only 19 
of the studies (90.5%) offered strategies to mitigate these 
confounding factors [12–25, 28–32]. From the included 
studies, 14 (66.7%) appropriately matched ME/CFS 
patients and HC in particular regarding age- and sex [12–
15, 17–23, 26–28, 30, 32]. Sixteen studies (76.2%) pro-
vided criteria used to identify ME/CFS patients and HC 
[12, 14–21, 24, 26–31] and 11 studies used appropriate 
statistical analysis (52.4%) [14, 15, 18, 19, 21–24, 26, 27, 
31]. The least addressed criteria was checklist item two: 
where only nine (42.9%) of the included studies appropri-
ately matched participants according to source popula-
tion [16–21, 25, 30, 32].

Discussion
This is the first study to systematically compile and 
appraise research for the potential application of urinary 
markers as diagnostic markers in ME/CFS.

This review included search terms also inclusive to 
urinary pathology; however, all included studies were 
focused on products excreted from the urine rather than 
structural changes in urinary-based mechanisms or onset 
of urinary pathological conditions. The search did not 
retrieve any publications on bacterial presence within the 
urine; however, urinary tract infections have been asso-
ciated with ME/CFS and have been acknowledged in the 
ME/CFS case definitions including the CCC [4].

The average age of ME/CFS patients across the stud-
ies was 37.82 ± 9.19. The average age of onset of ME/CFS 
in literature is 33 [33]. The duration of illness across the 
studies ranged from 2.5 to 24.9 years. Due to such vari-
ability between the duration of illness, it is difficult to 
determine if the population age was representative of 
what is commonly reported in literature. Importantly, 
studies have shown that presentation of illness may be 
different depending on duration. The range in duration of 
the illness for studies was diverse, therefore this may have 
influenced the observed physiological profile of the uri-
nary biomarkers for ME/CFS patients. Patients were not 
stratified based on duration of illness, hence this impact 
as a potential confounder remains unclear. Young et  al. 
suggested that lack of basal activity differences observed 
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in UFC between ME/CFS patients and HC may have 
been due to not including those who had ME/CFS for a 
long-term duration highlighting the potential role of ill-
ness duration on presentation of these markers [30].

The percentage of females recruited were higher com-
pared with males for the studies included in this sys-
tematic review. This is supported by previous studies 
reporting females are more commonly diagnosed with 
ME/CFS [33]. Race was not frequently reported in these 
studies. Only one study provided information about the 
race of their participants and in this case, Caucasians 
made up 93% of the participants involved in the study 
[25].

The presence of comorbid conditions in ME/CFS 
is common. In this current review only two studies 
reported comorbid conditions or separated patients into 
subgroups according to their condition [12, 27]. Casado 
et  al. compared in ME/CFS patients with and with-
out fibromyalgia (FM) [12]. Independent studies have 
identified significant differences in UFC in fibromyalgia 
patients compared with HC. Hence, careful consideration 
determining comorbidities is paramount as a potential 
confounder, where these influences need to be accounted 
for or adjusted for [12]. McGregor et  al. investigated 
metabolite levels in urine in ME/CFS patients who expe-
rienced or did not experience PEM seven days prior to 
urine collection [27]. A significant association with PEM 
was a lower serum level of the purine metabolite, hypox-
anthine. Therefore, parameters measured may also be 
influenced by illness presentation and progression [27].

The most frequent case criteria used to define ME/CFS 
patients across the studies included in this systematic 
review was the FC [12, 16, 19–25, 28–32]. The FC is lim-
ited due to its broad and non-specific criteria and overlap 
with other clinical conditions [4, 5]. There is also signifi-
cant heterogeneity shown between patients diagnosed 
using this definition that may reflect in the study findings 
making comparisons difficult [3]. Therefore, considera-
tions for future experiments should involve use of more 
stringent case criteria used to select patients for recruit-
ment, in particular the CCC and ICC case definition [4, 
5].

Across the studies there were various methods used 
to source the urine from participants. Incorporation 
of different urinary collection methods can provide 
a diverse range of information. 24  h urine collections 
was the most prominent selection for urine collection 
[12, 13, 16–18, 20, 21, 25, 26, 28–32]. This long-term 
method for collection in particular over 24  h com-
pared to 12  h is recognised as the gold standard, as it 
accounts for time lapse variability throughout the day. 
Mann et al. however, indicated that greater than 30% of 

collections are incomplete and do not represent the full 
24 h excretion [34]. In all these cases there was no sig-
nificant difference in urine volume identified as patients 
that did not have a complete collection were excluded.

The urinary-based marker, UFC was frequently 
reported in the studies evaluated [16, 17, 19–21, 25, 
29, 30]. There was variability in results between some 
studies despite using similar methodologies. One 
study investigated UFC across several different time 
points throughout the day and found that UFC was 
consistently lower, although not significant, in ME/
CFS patients at all time points except 1800–2100  h. 
Although UFC was measured over time, true longitudi-
nal differences in UFC across a period of time (account-
ing for potential seasonal and other factors) has not 
been investigated in ME/CFS patients [19]. UFC is rec-
ognised as a primary biomarker for Cushing’s-related 
conditions, it is however, difficult to measure cortisol 
levels that influence intracellular receptors resulting in 
symptom presentation. Therefore, the use of UFC levels 
is difficult to ascertain as a reliable biomarker [35].

A meta-analysis was conducted to assess whether 
UFC can be used as a marker to effectively differentiate 
between ME/CFS patients and HC [16, 17, 19, 20, 29–
31]. While the analysis found that there were significant 
differences in UFC in ME/CFS patients compared with 
HC, the heterogeneity across the studies was significant 
therefore the studies may not be comparable. Hence, 
the results need to be interpreted with caution [16, 
17, 19, 20, 29–31]. Iodine was measured in one study, 
despite there being significant differences in levels of 
iodine measured through the urine in ME/CFS patients 
compared with HC. However, iodine is not produced 
within the body and is exclusively dependent on diet. 
Therefore, it is difficult to determine its specific influ-
ence or association with ME/CFS pathology [28].

Creatinine was also a key biomarker investigated 
across the included studies [12–15, 23, 24]. Both sig-
nificantly lower and higher levels of creatinine were 
described in ME/CFS [12–15, 23, 24]. An increase in 
creatinine is associated with reduced kidney function-
ing, however, this marker cannot be used in isolation to 
determine kidney pathophysiology [36]. Low creatinine 
levels are associated with depleted muscle mass. While 
muscle loss is associated with bed rest [37] and 25% of 
ME/CFS patients are homebound or bedridden [38], 
reduced muscle mass is not yet a clinically established 
characteristic of ME/CFS and this association between 
creatinine excretion has not been investigated.

Huth et  al. published a comprehensive systematic 
review on metabolomics in ME/CFS [10]. However, 
this previous review primarily focused on blood-based 
metabolites and also highlighted that even though 
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metabolites measured throughout the urine can provide 
insight on levels of metabolites (in particular, deficiencies 
and excess in the blood that may impact homeostasis), 
further conclusive investigations focusing primarily on 
urinary biomarkers need to be undertaken as the results 
are equivocal [10]. Moreover, there were no standardised 
or universal methods used to measure urinary metabo-
lites across the studies. The studies were difficult to 
compare due to differences in metabolite extraction and 
analysis method [10]. Excretion of products involved in 
energy processes may potentially indicate the involve-
ment of disrupted energy metabolism in the pathomech-
anism of ME/CFS [14, 15, 27]. A systematic review by 
Holden et al. also investigated mitochondrial changes in 
ME/CFS; however, there are currently limited consistent 
findings that demonstrate the involvement of this net-
work in ME/CFS pathology [39].

Outcomes such as health-related quality of life or 
symptom experience was reported in 12 studies [13, 16, 
17, 19, 21–24, 26, 27, 31, 32]; however, only three studies 
conducted an association analysis determining the rela-
tionship between symptom presentation and/or expe-
rience and urinary outputs [13, 24, 26]. Therefore, it is 
difficult to determine whether these physiological obser-
vations are contributing to ME/CFS presentation; how-
ever, use of association studies may provide important 
insight and hence are a valuable consideration for inclu-
sion in future studies.

Limitations across these studies include that these 
biomarkers are tertiary by-products therefore many 
markers that are investigated throughout the urine are 
non-specific and are presented in many other pathophys-
iological conditions. It is important to determine what 
upstream physiological pathways are impacted. All of 
these included studies were cross-sectional and did not 
represent long-term changes in these markers over time. 
These markers measured in the studies are also highly 
dynamic, and their levels are highly subjected to various 
external factors that are difficult to control for in a bio-
logical setting.

Quality analysis
Quality varied across the studies. All studies assessed 
outcomes in a standard, valid and reliable way and identi-
fied potential confounding factors [12–32]. In many cases 
this was the presence of the The Diagnostic and Statisti-
cal Manual of Mental Disorders, Fifth Edition psychiatric 
condition, use of medications as well as the consumption 
of alcohol, and caffeine. Although all studies identified 
confounding variables, two studies did not provide meth-
ods for controlling for this source of variability [26, 27]. 
Shamim et al. found that there are sex specific differences 
in steroid metabolite excretion profiles [40]. Therefore, 

in order to make meaningful observations, sex- and age-
matching is a necessary consideration. Menstruation also 
may influence the output of these urinary markers there-
fore some studies also further controlled for this potential 
source of variability. Eleven studies (52.4%) successfully 
addressed item 10 relating to statistical analysis [14, 
15, 18, 19, 21–24, 26, 27, 31]. This was fulfilled through 
appropriate selection of test on the basis of data distribu-
tion through normality testing and adjustments for mul-
tiple comparisons. This item did not address whether a 
suitable sample size for statistical significance was deter-
mined as in many cases these studies are preliminary 
in nature and require validation in a larger sample. The 
least addressed item was reporting on whether patients 
and HC were matched according to source population; 
this is an important inclusion for future studies to ensure 
appropriately matched participants.

Conclusions
This review highlights there is inconsistent evidence for 
the potential disruption of metabolic and hormonal pro-
cesses as a consistent and specific potential biomarker 
for ME/CFS. These studies; however, only showcase a 
snapshot of data that can be extracted from urine. Many 
of the urinary biomarkers being measured are dynamic 
and are very susceptible to change through exposure to 
environmental or other non-disease related biological 
variables. These markers are also non-specific and are 
associated with other conditions, as they are a tertiary by-
product it is difficult to determine particular disrupted 
upstream pathways associated with these urinary-based 
changes observed. Studies included in this review were 
also limited by sample size and lack of validation due to 
variable methodology. Further conduction of urine-based 
studies using alternative methodologies with more strin-
gent recruitment criteria may provide more understand-
ing on the pathophysiology of and diagnostic potential of 
urinary-based biomarkers in ME/CFS patients.
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