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Abstract: Chronic fatigue syndrome (CFS) is an agnogenic disease, which has recently been linked to inflammation. 
Several studies have found an association between inflammatory factors such as C-reactive protein (CRP) and CFS. 
However, these studies have shown inconsistent results. PubMed, Embase, and CBM (Chinese Biomedical Litera-
ture Database) were searched for relevant studies published as of August 2016. A total of 8 studies were included 
in the meta-analysis and trial sequential analyses (TSA). Meta-analysis revealed a mean difference (MD) of 0.39 µg/
mL (95% CI: 0.15-0.64) in CRP levels between the CFS patients and healthy controls. Subgroup analysis revealed 
that CRP levels were not elevated in teenagers [MD 0.10 µg/mL (95% CI: -0.04-0.24)]. There was a statistically 
significant between-group difference with respect to CRP levels between adult European population [MD 1.58 µg/
mL (95% CI: 0.88-2.27)] and adult American population [MD 0.34 µg/mL (95% CI: 0.16-0.51)]. TSA results showed 
that the trial sequential monitoring boundary (TSBM) was crossed only in the group of European adults, while the 
group of European teenagers did not cross TSBM and the traditional futility boundary. The group of American adults 
crossed the traditional boundary, but not TSBM. These findings suggest that baseline CRP levels are greater in CFS 
patients with the exception of European teenage patients, which could provide insights into the causality of CFS. 
However, considering the sample size, further studies with larger sample size and more robust design are needed 
to validate the association between CRP and CFS.
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Introduction

Chronic fatigue syndrome (CFS) is a clinical syn-
drome characterized by persistent and unex-
plained fatigue that is worsened by physical 
and mental exertion and typically lasts for ≥ 6 
months [1, 2]. The fatigue is typically not allevi-
ated by rest, and is accompanied by at least 
four of the following eight symptoms: sore 
throat, tender lymphadenopathy, impaired 
memory or concentration, myalgia, arthralgia, 
unrefreshing sleep, post-exertional malaise, 
and headache [3].

CFS imposes a considerable burden on the af- 
fected families and the society at large. Ap- 
proximately 836,000 to 2.5 million Americans 
suffer from CFS [4]. The consequent economic 
burden is estimated to be substantial ($17-24 
billion annually) (https://prevention.nih.gov/pr- 
ograms-events/pathways-to-prevention/work-
shops/mecfs/workshopresources). The condi-
tion severely affects the health related quality 

of life (particularly of the affected adolescents) 
[5] and cognitive function [6]. CFS commonly 
involves adults, but may also affect children 
and adolescents [7]. Athough several theories 
have been formulated to explain the pathogen-
esis of CFS, such as viral infection [8], endocri-
nal dysfunction [9, 10], immune dysfunction 
[11] and genetic factors [12], CFS is still an 
agnogenic disease.

The diagnostic criteria for CFS point towards 
the inflammatory nature of the disease [3]. 
Moreover, several studies have documented 
altered expression of inflammatory factors in 
these patients. A systematic review of 38 stud-
ies [13] conducted on patients with CFS could 
not reach definitive conclusion owing to incon-
sistent results from the included studies. For 
example, increased expression of interleukin-2 
(IL-2) in patients with CFS was found in 3 stud-
ies, decreased expression of IL-2 was found in 
3 studies, while no significant association was 
found in 9 studies. Moreover, C-reactive protein 
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(CRP) level was not included in the systematic 
review. CRP is an acute phase protein and a 
non-specific biochemical marker of chronic in- 
flammation [14]. It is synthesized by hepato-
cytes and adipocytes in response to increased 
levels of pro-inflammatory cytokines (such as 
TNF-α and IL-6) in the peripheral circulation 
[15, 16]. Serum or plasma level of CRP is a clini-
cally relevant indicator of systemic pro-inflam-
matory activity [17].

To date, several studies have shown an associ-
ation between high baseline levels of CRP, a 
pro-inflammatory biomarker, and CFS [14, 
18-23]. However, the results of different stud-
ies have largely been inconsistent. Therefore, 
to further clarify the association between CRP 
and CFS, we conducted this meta-analysis of 
relevant studies.

Materials and methods

Search methods

Original articles published before August 2016 
that evaluated the association between CRP 
and CFS were searched on PubMed, Embase, 
and CBM (Chinese Biomedical Literature Da- 
tabase) databases. The medical subject head-
ings and keywords used for the search were 
“C-reactive protein”, “CRP”, “chronic fatigue sy- 
ndrome”, “Myalgic Encephalomyelitis”, “chronic 
mononucleosis”, “post-infectious fatigue syn-
drome”, “chronic fatigue immune dysfunction 
syndrome”, “post-viral fatigue syndrome”, and 

“neurasthenia”. The reference lists of all re- 
trieved publications were manually searched 
for additional studies.

Inclusion and exclusion criteria

Studies that qualified all the following criteria 
were eligible for inclusion: (1) original papers; 
(2) case-control studies; (3) studies that evalu-
ated the association between CRP levels and 
CFS; (4) controls were healthy subjects; (5) 
clear diagnostic criteria employed for CFS.

The exclusion criteria were: (1) overlapping 
data; (2) case-studies; (3) literature reviews; (4) 
CRP levels not reported. Two researchers 
extracted data independently; any difference of 
opinion was resolved by consensus. 

Quality assessment and data extraction

Based on the Newcastle-Ottawa scale, two re- 
viewers independently assessed the studies 
included in the meta-analysis. Any disagree-
ment was resolved by discussion with the third 
author.

Data on the following variables were extracted: 
(1) First author’s last name, publication year, 
origin of the study population; (2) characteris-
tics of study population: sample size, age, gen-
der, diagnoses, and methods of CRP measure-
ment; (3) mean (SD) CRP levels in each group. 
Studies with a three-arm design were consid-
ered as two studies based on the design. For 
studies that reported data as median and quar-
tiles, the median was treated as the mean. The 
distribution was assumed to be normal, with a 
z-value of ± 0.68 that corresponded to the 
reported 25th and 75th percentiles [24]. In this 
manner, the mean and standard deviation val-
ues were obtained.

Statistical analyses

For better characterization of the difference in 
CRP levels between CFS patients and healthy 
controls, the strength of association in the 
pooled data was measured by mean difference 
[MD] at 95% CI [25]. The significance of pooled 
MD was tested by z-test (P < 0.05 was consid-
ered statistically significant). The I2 value was 
calculated as a measure of heterogeneity for 
each outcome analysis, where 0% to 25% indi-
cated no observed heterogeneity, while larger 
values indicated increasing heterogeneity; 25% 
to 50% was regarded as low, 50% to 75% as 

Figure 1. Schematic illustration of the study selec-
tion criteria for the meta-analysis.
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moderate, and 75% to 100% as high heteroge-
neity [26]. Fixed effects model was used in 
case of low heterogeneity (P < 0.05); otherwise 
random effects model was used.

Publication bias was assessed by funnel plot 
[27], Egger’s linear regression test [28] and 
Begger’s rank correlation test [29], if appropri-
ate. Cumulative analysis of the extracted data 
was performed using a pooled random effects 
model with the sample sizes arrayed in ascend-
ing order so as to ascertain the tendency of 
pooled results. In the event of obvious hetero-
geneity, subgroup analysis was performed. 
Meta-analysis was performed using the “meta” 
package [30] of the R software [31]. 

Trial sequential analyses (TSA)

Trial sequential analyses (TSA) was performed 
to better understand the power of the meta-
analysis, to gauge the reliability of evidence, 
and to avoid potential false positive results 
owing to insufficient sample size [32, 33]. The 
sample size needed for a reliable meta-analysis 
is at least as large as that required for a single 
optimally powered randomized controlled trial. 
Briefly, TSA is similar to interim analyses and is 
used to decide whether a particular random-
ized trial could be terminated early because of 
the P value being sufficiently small to show an 
effect or sufficiently large to show potential fu- 
tility by monitoring boundaries. Unlike cumula-
tive meta-analysis, it is at risk of producing ran-
dom errors because of limited data and re- 
petitive testing of accumulating data, and be- 
cause the information size requirement analo-
gous to the sample size of one optimally pow-
ered clinical trial may not be met [32, 33]. TSA 
was performed using TSA software version 0.9 
Beta [34] (http://www.ctu.dk/tsa/).

Results

Study selection

A schematic illustration of the study selection 
criteria is presented in Figure 1. A total of 7 
articles [14, 18-23] (8 studies) were eligible for 
inclusion in the meta-analysis. Combined study 
population consisted of 452 cases and 406 
controls. Six studies were conducted in Europe 
(Norway, Ireland and United Kingdom) and two 
in North America (United States of America). 

Description of clinical studies

Characteristics of the included studies are pre-
sented in Table 1. Quality assessment of the 
seven included studies (Table 2) indicated 
medium quality of the included studies. Four 
studies showed greater baseline CRP levels in 
CFS patients as compared to that in controls, 
while no significant between-group difference 
was observed in the other four studies. 

Quantitative data synthesis

Overall, a significant positive association was 
found between CRP concentration and CFS. 
The MD in the CRP levels between the CFS 
patients and controls was 0.39 µg/mL (95% 
confidence interval [CI]: 0.15-0.64) using a ran-
dom effects model (z-score: 3.12; P = 0.002) 
for the overall effect and 69.8% heterogeneity 
I2 (P = 0.002). 

A forest plot based on the meta-analysis is 
shown in Figure 2A. A cumulative meta-analy-
sis was also conducted after listing the studies 
in the ascending order of the sample sizes; the 
pooled MD at 95% CI started to show statistical 
significance at 1.24 (95% CI: 0.41-2.07) from 
the third study, and a gradual stabilization was 

Table 1. Characteristics of studies included in the meta-analysis

First author Year Diagnostic 
criteria Country Case/Con-

trol (N) Detection methods Is the method 
high-sensitive?

Speci-
men type

Sulheim, Dag 2014 Clinical guidelines Norway 60/60/68a Not mentioned No Serum

Groeger, David 2013 CDC1994 [3] Ireland 48/35 Electrochemiluminescence Yes Plasma

Kennedy, Gwen 2010 CDC1994 United Kingdom 25/23 ELISA Yes Plasma

Raison, Charles L. 2009 CDC1994 United States 96/111 Turbidimetric assay Yes Plasma

Spence, Vance A. 2008 CDC1994 United Kingdom 41/30 ELISA Yes Serum

Richards, R. S 2000 CDC1988 [4] United Kingdom 24/20 Not mentioned No Plasma

Buchwald, D 1997 CDC1988 United States 98/51 Enhanced immuNonephelometry No Serum
a: stands for case group 1, case group 2 and control group.
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observed thereafter. Therefore, the possibility 
that the results may have been influenced by 
sample size cannot be ruled out (Figure 2B).

Heterogeneity analysis

Considering the moderate heterogeneity re- 
vealed by the analysis (I2 = 69.8%, P = 0.002), 
sensitivity analysis and subgroup analysis were 
performed to identify the source of heterogene-
ity. Sensitivity analysis showed no change in 
heterogeneity after sequential exclusion of one 
article at a time. However, on subgroup analysis 
based on the type of specimen used for CRP 
test (plasma or serum), the method used for 
measurement of CRP (regular or high-sensitivi-
ty CRP assay) and the age-group of the popula-
tion (adults or teenagers), the heterogeneity 
was found to have reduced to some extent. The 
MD between the plasma sample and serum 
sample subgroups were 0.97 µg/mL (95% CI: 
0.25-1.69) and 0.20 µg/mL (95% CI: 0.00-
0.41), respectively (Figure 3). The MD in CRP 
levels between the regular CRP assay and high-
sensitivity CRP assay groups were 0.18 µg/mL 
(95% CI: 0.07-0.28) and 1.09 µg/mL (95% CI: 
0.36-1.83), respectively (Figure 4). The MD in 
the adult and teenaged groups were 0.75 µg/
mL (95% CI: 0.28-1.21) and 0.10 µg/mL (95% 
CI: -0.04-0.24), respectively (Figure 5). The 
between-group differences in all subgroup an- 
alyses were statistically significant. Further- 
more, we also performed subgroup analyses 
based on gender (M/F > 1 or < 1) and year of 
publication (before 2010 vs. after 2010), and 
found that these factors were not statistically 
associated with heterogeneity and had almost 
no effect on our results. An important finding 
was that the change in CRP level was not signifi-
cant in the teenaged group. We further ana-

was no relevant studies with teenage American 
population) (Figure 6). 

Publication bias and sensitivity analysis

The potential effect of publication bias on the 
observed association between CRP and CFS 
was assessed. An asymmetrical distribution 
was found in the funnel plot. In addition, Egger’s 
test revealed a significant publication bias (t = 
2.83, P = 0.03), while Begger’s test did not reve- 
al any significant publication bias (z = 0.62, P = 
0.53). These findings indicate that our results 
may have been influenced by publication bias. 
Further, on sensitivity analysis, no significant 
effect of any one study on the pooled MD was 
observed based on p-values after sequential 
exclusion of individual studies.

Trial sequential analyses

To determine the optimal sample size for each 
subgroup, we assumed 0.1, 1.57, 0.22 as the 
mean difference for European teenagers, 
European adults and American adults group, 
with a variance of 0.77, 12.42 and 1.96, (the 
MD and variance were calculated by TSA soft-
ware based on the trials included), statistical 
power of 80% and a two sided P value < 0.05 
for type 1 error. Based on these assumptions, 
sample sizes of 2625, 159, and 5567 were 
needed to reliably detect a plausible effect for 
each group. However, in the present meta-anal-
ysis, only the group of European adults reached 
the optimal sample size calculated by TSA. We 
used the optimal sample size to help construct 
the trial sequential monitoring boundary. The 
cumulative z curve for American adults did not 
cross the trial sequential monitoring boundary 
(TSBM), but did cross the traditional futility 

Table 2. Quality assessment of involved studies using Newcastle-
Ottawa scale

Author Year
Selection Comparability Exposure

score
1 2 3 4 1 2 1 2 3

Sulheim, D. 2014 1 1 0 1 0 1 1 1 0 6
Groeger, David 2013 1 0 0 1 0 1 0 1 1 5
Kennedy, Gwen 2010 1 0 1 0 1 0 1 1 1 6
Raison, Charles L. 2009 1 1 1 1 0 1 1 1 1 8
Spence, Vance A. 2008 1 0 1 0 0 0 1 1 0 4
Richards, R. S. 2000 1 0 0 1 1 0 1 1 0 5
Buchwald, D. 1997 1 1 0 1 1 0 1 1 0 6

lyzed the ethnicity of population 
(European or American) and fo- 
und that there was no heteroge-
neity in the American group. Ho- 
wever, high heterogeneity was 
observed in the European gr- 
oup. Therefore, we performed 
subgroup analysis based on the 
ethnicity of population (Euro- 
pean or American) and age of 
population (adults or teenage- 
rs), the results of which indicat-
ed that no heterogeneity exist-
ed in the three groups (there 
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boundary (FB), which indicated that the cumu-
lative evidence may be unreliable and inconclu-
sive. The cumulative z curve for European teen-
agers did not cross the trial sequential mo- 
nitoring boundary (TSBM), and also did not 
cross the traditional futility boundary (FB), 
which indicated that the cumulative evidence 

lation (European or American) were likely to be 
main sources of heterogeneity; while the sam-
ple type (plasma vs. serum) and measure type 
(whether or not high-sensitive methods) proba-
bly also contributed to the heterogeneity to 
some extent. Some other possible reasons may 
contribute to the heterogeneity. For example, 

Figure 2. Forest plot of increased baseline C-reactive protein levels in CFS patients compared with healthy controls 
(random-effects model). A. Standard technique; B. Cumulative technique.

Figure 3. Forest plot of increased baseline C-reactive protein levels in pa-
tients with CFS, compared with healthy controls: subgroup analyses by sam-
ple type (plasma vs. serum).

Figure 4. Forest plot of increased baseline C-reactive protein levels in pa-
tients with CFS, compared with healthy controls: subgroup analysis by meth-
od used for measurement (whether or not high-sensitive methods).

may not be true negative. The 
cumulative z curve for Euro- 
pean adults did cross the trial 
sequential monitoring bound-
ary (TSBM), and did cross the 
traditional futility boundary 
(FB), which indicated that the 
cumulative evidence may be 
really positive (Supplementary 
File).

Discussion

In our meta-analysis, we in- 
cluded 7 trials which revealed 
higher CRP levels in patients 
with CFS as compared to that 
in healthy controls; the differ-
ence in adults (but not in teen-
agers) were significant, and 
the differences between Eu- 
ropean and American adults 
were statistically significant. 
However, considering the sa- 
mple size of meta-analysis ob- 
tained from TSA, the results 
need further confirmation.

As the pooled result indicated 
obvious heterogeneity, many 
factors were taken into con-
sideration for subgroup analy-
sis. We finally reached the co- 
nclusion that the age of study 
population (adults vs. teenag-
ers) and the ethnicity of popu-
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the different time intervals between infections 
and test may have been a source of heteroge-
neity, which was not detected on subgroup an- 
alysis. In addition, many other factors, such as 
the effect of body mass index, depressive sta-
tus and immune-modulating medications [18], 
may also affect the CRP levels. Although the 
diagnostic criteria of CFS are clear, heterogene-
ity in patients may still exist as the diagnosis is 
based on symptoms, and not on clinical ex- 
amination.

In our study, the CRP level was not found to be 
significantly elevated in teenaged CFS patients. 
However, considering that the CRP level was 
slightly higher in patients as compared to that 
in controls, and that the CRP level could be 

caused by infections. However, this hypothesis 
needs to be confirmed. Moreover, clonidine has 
been reported to lower both plasma norepi-
nephrine and serum CRP levels in patients with 
CFS [22], which implicates enhanced sympa-
thetic nervous activity in the causation of low-
grade systemic inflammation. Therefore, the 
treatment effect of clonidine may also benefit 
from enhanced parasympathetic activity [42]. 
On the other hand, the inflammation in CFS 
may be due to infections, as many studies have 
documented altered intestinal microbiota in 
these patients [43, 44]. In addition, as the 
reduction of CRP levels has been reported after 
treatment with Bifidobacterium infantis 35624 
[19], the inflammatory milieu in CFS patients is 

Figure 5. Forest plot of increased baseline C-reactive protein levels in pa-
tients with CFS, compared with healthy controls: subgroup analysis by study 
population (adults vs. teenagers).

Figure 6. Forest plot of increased baseline C-reactive protein levels in CFS 
patients compared with healthy controls: subgroup analysis by study popula-
tion (adults vs. teenagers) and ethnicity of population (European vs. Ameri-
can).

reduced following treatment 
with clonidine [22], the pooled 
results for teenaged patients 
may be false-negative due to 
insufficient sample size or due 
to some other reasons. In ad- 
dition, that the strength of 
inflammatory reaction varied 
with age might be the main 
reason for this phenomenon 
[35].

Depression has been shown 
to significantly correlate with 
the severity of CFS [36]. CFS 
patients appeared to be at a 
heightened risk for develop-
ment of major depressive dis-
order (MDD), as indicated by a 
study that compared the lev-
els in CSF patients with those 
in non-CFS community sam-
ples [37, 38]. In a meta-analy-
sis of 94 trials, tricyclic antide-
pressants (TCAs) and selec- 
tive serotonin reuptake inhibi-
tors (SSRIs) and other antide-
pressants appeared to be ef- 
fective in treating unexplained 
somatic symptoms including 
those of CFS [39]. At the same 
time, as depression is accom-
panied by various direct and 
indirect indicators of a moder-
ate activation of the inflamma-
tory response system (IRS) 
[40, 41], the pathogenesis of 
CFS may involve inflammation 
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thought to be modulated by intestinal probioti- 
cs.

In our meta-analysis, trial sequential analyses 
(TSA) was used to calculate the optimal sample 
size. The sample size of our study was lower 
than the optimal requirement suggested by the 
TSA, and the results of the meta-analysis may 
be false-positive. However, our results are the 
most comprehensive so far.

Although a significant positive association be- 
tween CRP levels and CFS was observed, cer-
tain limitations in the study need to be taken 
into account while interpreting the results. The 
small sample size was the foremost limitation 
of our meta-analysis. Secondly, considering the 
CRP level can be influenced by many factors, 
heterogeneity might still exist, even though het-
erogeneity decreased dramatically after sub-
group analyses by ethnicity of population and 
age of patients. Thirdly, as the meta-analysis 
was based on observational studies, publica-
tion bias may have affected our results, given 
that studies with positive results are more likely 
to be published. Fourthly, conversion of data 
pertaining to the non-normally distributed vari-
ables to normally distributed statistics may 
have introduced bias. Fifthly, considering the 
big difference observed between adults and 
teenagers, the CRP level of teenagers in 
American CFS patients needs studying for the 
reason that no relevant studies were published. 
However, this still is the most comprehensive 
result to evaluate the relationship between CRP 
and CFS so far.

Conclusion

The present meta-analysis provides the best 
evidence till date on the association between 
increased CRP levels and CFS with the excep-
tion of European teenage patients with CFS. 
However, considering the sample size, further 
well-designed studies with larger sample sizes 
of European adults and American adults group 
are required to confirm our findings. In addition, 
other inflammatory factors, such as IL-6, IL-8 
also need to be studied to understand the link 
between CFS and inflammation.

Acknowledgements

This project was supported by a grant from the 
Special Health Research Project, Ministry of 

Health of China (No. 201002012) and Chong- 
qing Health and Family Planning Commission 
(No. 20141027). The authors thank the Center 
of Chongqing Blood for providing serum sam-
ples from healthy controls, and the clinical lab-
oratory of Southwest Hospital for performing 
CRP assay.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Hongyan Xiong, De- 
partment of Epidemiology, College of Preventive Me- 
dicine, Third Military Medical University, Gaotanyan 
Road 30, Shapingba District, Chongqing 400038, 
China. Tel: +8602368752295; E-mail: hongyanx-
iong@126.com

References

[1] Komaroff AL and Buchwald D. Symptoms and 
signs of chronic fatigue syndrome. Rev Infect 
Dis 1991; 13 Suppl 1: S8-11.

[2] Komaroff AL, Fagioli LR, Geiger AM, Doolittle 
TH, Lee J, Kornish RJ, Gleit MA and Guerriero 
RT. An examination of the working case defini-
tion of chronic fatigue syndrome. Am J Med 
1996; 100: 56-64.

[3] Fukuda K, Straus SE, Hickie I, Sharpe MC, Dob-
bins JG and Komaroff A. The chronic fatigue 
syndrome: a comprehensive approach to its 
definition and study. International Chronic Fa-
tigue Syndrome Study Group. Ann Intern Med 
1994; 121: 953-959.

[4] Clayton EW. Beyond myalgic encephalomyeli-
tis/chronic fatigue syndrome: an IOM report on 
redefining an illness. JAMA 2015; 313: 1101-
1102.

[5] Winger A, Kvarstein G, Wyller VB, Ekstedt M, 
Sulheim D, Fagermoen E, Smastuen MC and 
Helseth S. Health related quality of life in ado-
lescents with chronic fatigue syndrome: a 
cross-sectional study. Health Qual Life Out-
comes 2015; 13: 96.

[6] Sulheim D, Fagermoen E, Sivertsen OS, Winger 
A, Wyller VB and Oie MG. Cognitive dysfunction 
in adolescents with chronic fatigue: a cross-
sectional study. Arch Dis Child 2015; 100: 
838-844.

[7] Lievesley K, Rimes KA and Chalder T. A review 
of the predisposing, precipitating and perpetu-
ating factors in Chronic Fatigue Syndrome in 
children and adolescents. Clin Psychol Rev 
2014; 34: 233-248.

[8] Lombardi VC, Ruscetti FW, Das Gupta J, Pfost 
MA, Hagen KS, Peterson DL, Ruscetti SK, Bag-
ni RK, Petrow-Sadowski C, Gold B, Dean M, 

mailto:hongyanxiong@126.com
mailto:hongyanxiong@126.com


C-reactive protein in chronic fatigue syndrome

15158 Int J Clin Exp Med 2017;10(11):15151-15159

Silverman RH and Mikovits JA. Detection of an 
infectious retrovirus, XMRV, in blood cells of 
patients with chronic fatigue syndrome. Sci-
ence 2009; 326: 585-589.

[9] Van Den Eede F, Moorkens G, Hulstijn W, Van 
Houdenhove B, Cosyns P, Sabbe BG and Claes 
SJ. Combined dexamethasone/corticotropin-
releasing factor test in chronic fatigue syn-
drome. Psychol Med 2008; 38: 963-973.

[10] Fuite J, Vernon SD and Broderick G. Neuroen-
docrine and immune network re-modeling in 
chronic fatigue syndrome: an exploratory anal-
ysis. Genomics 2008; 92: 393-399.

[11] Lorusso L, Mikhaylova SV, Capelli E, Ferrari D, 
Ngonga GK and Ricevuti G. Immunological as-
pects of chronic fatigue syndrome. Autoimmun 
Rev 2009; 8: 287-291.

[12] Kerr JR, Petty R, Burke B, Gough J, Fear D, Sin-
clair LI, Mattey DL, Richards SC, Montgomery J, 
Baldwin DA, Kellam P, Harrison TJ, Griffin GE, 
Main J, Enlander D, Nutt DJ and Holgate ST. 
Gene expression subtypes in patients with 
chronic fatigue syndrome/myalgic encephalo-
myelitis. J Infect Dis 2008; 197: 1171-1184.

[13] Blundell S, Ray KK, Buckland M and White PD. 
Chronic fatigue syndrome and circulating cyto-
kines: a systematic review. Brain Behav Im-
mun 2015; 50: 186-195.

[14] Spence VA, Kennedy G, Belch JJF, Hill A and 
Khan F. Low-grade inflammation and arterial 
wave reflection in patients with chronic fatigue 
syndrome. Clinical Science 2008; 114: 561-
566.

[15] Eisenhardt SU, Thiele JR, Bannasch H, Stark 
GB and Peter K. C-reactive protein: how confor-
mational changes influence inflammatory 
properties. Cell Cycle 2009; 8: 3885-3892.

[16] Peyrin-Biroulet L, Gonzalez F, Dubuquoy L, 
Rousseaux C, Dubuquoy C, Decourcelle C, 
Saudemont A, Tachon M, Beclin E, Odou MF, 
Neut C, Colombel JF and Desreumaux P. Mes-
enteric fat as a source of C reactive protein 
and as a target for bacterial translocation in 
Crohn’s disease. Gut 2012; 61: 78-85.

[17] Vermeire S, Van Assche G and Rutgeerts P. 
Laboratory markers in IBD: useful, magic, or 
unnecessary toys? Gut 2006; 55: 426-431.

[18] Raison CL, Lin JM and Reeves WC. Association 
of peripheral inflammatory markers with 
chronic fatigue in a population-based sample. 
Brain Behav Immun 2009; 23: 327-337.

[19] Groeger D, O’Mahony L, Murphy EF, Bourke JF, 
Dinan TG, Kiely B, Shanahan F and Quigley EM. 
Bifidobacterium infantis 35624 modulates 
host inflammatory processes beyond the gut. 
Gut Microbes 2013; 4: 325-339.

[20] Kennedy G, Khan F, Hill A, Underwood C and 
Belch JJ. Biochemical and vascular aspects of 
pediatric chronic fatigue syndrome. Arch Pedi-
atr Adolesc Med 2010; 164: 817-823.

[21] Richards RS, Roberts TK, McGregor NR, Dun-
stan RH and Butt HL. Blood parameters indica-
tive of oxidative stress are associated with 
symptom expression in chronic fatigue syn-
drome. Redox Rep 2000; 5: 35-41.

[22] Sulheim D, Fagermoen E, Winger A, Andersen 
AM, Godang K, Muller F, Rowe PC, Saul JP, 
Skovlund E, Oie MG and Wyller VB. Disease 
mechanisms and clonidine treatment in ado-
lescent chronic fatigue syndrome A combined 
cross-sectional and randomized clinical trial. 
JAMA Pediatr 2014; 168: 351-360.

[23] Buchwald D, Wener MH, Pearlman T and Kith 
P. Markers of inflammation and immune acti-
vation in chronic fatigue and chronic fatigue 
syndrome. J Rheumatol 1997; 24: 372-376.

[24] Whitlock RP, Chan S, Devereaux PJ, Sun J, Ru-
bens FD, Thorlund K and Teoh KH. Clinical ben-
efit of steroid use in patients undergoing car-
diopulmonary bypass: a meta-analysis of 
randomized trials. Eur Heart J 2008; 29: 
2592-2600.

[25] Jiang ZQ, Dai LM, Song ZY, Li HK and Shu MQ. 
Association between C-reactive protein and 
atrial fibrillation recurrence after catheter ab-
lation: A meta-analysis. Clin Cardiol 2013; 36: 
548-554.

[26] Higgins JPT, Thompson SG, Deeks JJ and Alt-
man DG. Measuring inconsistency in meta-
analyses. Br Med J 2003; 327: 557-560.

[27] Cook RJ and Sackett DL. The number needed 
to treat: a clinically useful measure of treat-
ment effect. BMJ 1995; 310: 452-454.

[28] Egger M, Davey Smith G, Schneider M and 
Minder C. Bias in meta-analysis detected by a 
simple, graphical test. BMJ 1997; 315: 629-
634.

[29] Begg CB and Mazumdar M. Operating charac-
teristics of a rank correlation test for publica-
tion bias. Biometrics 1994; 50: 1088-1101.

[30] Schwarzer G. Meta: an R package for meta-
analysis. R News 2007; 7: 40-45.

[31] Core RT. R: a language and environment for 
statistical computing. Computing 2014; 14: 
12-21.

[32] Wetterslev J, Thorlund K, Brok J and Gluud C. 
Trial sequential analysis may establish when 
firm evidence is reached in cumulative meta-
analysis. J Clin Epidemiol 2008; 61: 64-75.

[33] Brok J, Thorlund K, Gluud C and Wetterslev J. 
Trial sequential analysis reveals insufficient in-
formation size and potentially false positive 
results in many meta-analyses. J Clin Epidemi-
ol 2008; 61: 763-769.

[34] Wetterslev J, Thorlund K, Brok J and Gluud C. 
Trial sequential analysis may establish when 
firm evidence is reached in cumulative meta-
analysis. J Clin Epidemiol 2008; 61: 64-75.

[35] Wu D and Meydani SN. Age-associated chang-
es in immune and inflammatory responses: 



C-reactive protein in chronic fatigue syndrome

15159 Int J Clin Exp Med 2017;10(11):15151-15159

impact of vitamin E intervention. J Leukoc Biol 
2008; 84: 900-914.

[36] Hartz AJ, Kuhn EM, Bentler SE, Levine PH and 
London R. Prognostic factors for persons with 
idiopathic chronic fatigue. Arch Fam Med 
1999; 8: 495-501.

[37] Harvey SB, Wadsworth M, Wessely S and Ho-
topf M. The relationship between prior psychi-
atric disorder and chronic fatigue: evidence 
from a national birth cohort study. Psychol 
Med 2008; 38: 933-940.

[38] Fuller-Thomson E and Nimigon J. Factors asso-
ciated with depression among individuals with 
chronic fatigue syndrome: findings from a na-
tionally representative survey. Fam Pract 
2008; 25: 414-422.

[39] O’Malley PG, Jackson JL, Santoro J, Tomkins G, 
Balden E and Kroenke K. Antidepressant ther-
apy for unexplained symptoms and symptom 
syndromes. J Fam Pract 1999; 48: 980-990.

[40] Maes M. Major depression and activation of 
the inflammatory response system. Adv Exp 
Med Biol 1999; 461: 25-46.

[41] van West D and Maes M. Activation of the in-
flammatory response system: a new look at 
the etiopathogenesis of major depression. 
Neuro Endocrinol Lett 1999; 20: 11-17.

[42] Cividjian A, Toader E, Wesseling KH, Karemak-
er JM, McAllen R and Quintin L. Effect of cloni-
dine on cardiac baroreflex delay in humans 
and rats. Am J Physiol Regul Integr Comp Physi-
ol 2011; 300: R949-957.

[43] Fremont M, Coomans D, Massart S and De 
Meirleir K. High-throughput 16S rRNA gene se-
quencing reveals alterations of intestinal mi-
crobiota in myalgic encephalomyelitis/chronic 
fatigue syndrome patients. Anaerobe 2013; 
22: 50-56.

[44] Vernon SD, Shukla SK, Conradt J, Unger ER 
and Reeves WC. Analysis of 16S rRNA gene se-
quences and circulating cell-free DNA from 
plasma of chronic fatigue syndrome and non-
fatigued subjects. BMC Microbiol 2002; 2: 39.



C-reactive protein in chronic fatigue syndrome

1 

Supplementary File. Results of trial sequential analysis. A. Trial se-
quential analyses for assessment of the effect of CFS associated with 
increased baseline C-reactive protein levels. (For European teenagers). 
B. Trial sequential analyses for assessment of the effect of CFS associ-
ated with increased baseline C-reactive protein levels. (For European 
adults). C. Trial sequential analyses for assessment of the effect of 
CFS associated with increased baseline C-reactive protein levels. (For 
American adults).


