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Published online: 18 January 2018 . The pathogenic mechanism of ALS remains unclear. However, increasing evidence has indicated

. thaturicacid (UA) may play a protective role in the pathogenesis of ALS. The aim of this study was

. to evaluate the association between serum UA levels and ALS. A comprehensive literature search in

. PubMed, Embase, Web of Science, and Cochrane Library was conducted up to 31st August, 2017, using
keywords. A random-effects model or fixed-effects model was used to calculate the pooled estimate

. according to the inter-group heterogeneity. Finally, we indentified 8 case-control and 3 cohort studies.

. The results indicated that patients with ALS had significant decreased levels of serum UA compared

. to healthy controls (standardized mean difference (SMD)= —0.72, 95% CI [—0.98, —0.46], P < 0.001).

. Increased serum UA levels were associated with lower all-cause mortality risk among ALS patients (risk
ratio (RR)=0.70, 95% CI [0.57, 0.87], P =0.001). To summarize, there is an inverse association between
serum UA levels and risk of death among ALS patients. Randomized controlled trials with high quality
are required to elucidate the role of UA on ALS.

 Amyotrophic lateral sclerosis (ALS) is an idiopathic, fatal neurodegenerative disease that is characterized by the
degeneration of upper and lower motor neurons'~. Its incidence rate is nearly 2 and 0.8 per 100,000 people-years
© in Western countries and East Asia, respectively’. The average survival time of ALS patients is approximately 2
© to 5 years after symptom onset because of respiratory failure?. The pathogenic mechanism of ALS is still elusive.
However, central nervous system seems to be especially vulnerable to oxidative stress and increasing evidence
supports the theory that oxidative stress plays a crucial role in the pathogenesis of ALS>S.
: Uric acid (UA), which is one of the metabolic products of purine, is a natural antioxidant. UA has been
© hypothesized to reduce oxidative stress by scavenging reactive oxygen radicals and other reactive species”®. While
- there is growing evidence to support a possible protective role of UA, a cause-effect relationship between UA and
. disease outcomes has not been firmly established yet’-!". Thus, we conducted this study to comprehensively assess
. the association between UA and ALS by integrating all available data.

Results

. Characteristics of the included studies. The literature research identified 355 papers from computerized
. databases. Among these articles, 84 were removed because they were duplicate publications. After reviewing the
- titles and abstracts, 251 citations were excluded for various reasons, and 20 articles were evaluated through a full-
text review. Ten articles were further excluded for not meeting the inclusion criteria. Therefore, 8 case-control
© studies and 3 cohort studies were identified in this study'*-2!. The flow chat is shown in Fig. 1. Those 8 case-con-
- trol studies included 1168 patients with ALS and 1391 healthy controls, and those 3 cohort studies included 3190
. ALS patients'?~?!. Among the included studies, 7 were performed in Asians, 3 in Causations, 1 in both Asians and
. Causations. Most case-control studies controlled for some conventional risk factors, including age (n=38), and
. gender (n=8). However, only 3 case-control studies controlled for BMI. Those cohort studies adjusted for several
. variables, including age (n=3), gender (n=3), and BMI (n = 3). In addition, two cohort studies adjusted for
. disease duration. The follow-up time ranged from 13 to 21.3 months. The detailed characteristics of the included
© studies are presented in Tables S1 and S2. Quality assessment was performed according to the NOS criteria. The
 NOS score ranged from 6 to 8 points in these studies, suggesting that these studies were of moderate to high
. quality.
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Figure 1. Flow chat of the study selection.

Study %

D SMD (95% Cl) Weight
Sohmiya (2005) —;—0—— -0.40(-1.03,0.23) 8.13
Keizman (2009) —_— -0.75(-1.06,-0.44) 12.68

Zoccolella (2011) — -0.20 (-0.40,-0.00) 14.15

lkeda (2012) . -0.84(-1.14,-053) 12.80

Zheng (2014) —— 1.07 (-1.20,-0.94) 1489

Oh (2015) —q—— -0.85(-1.09,-0.60) 1355

Nagase (2016) —,.— -1.06 (-156,-057) 9.89
:

Duan (2016) — 057 (-0.79,-0.35) 13.92
:

Overall (l-squared = 87.6%, p = 0.000) <> -0.72(-0.98,-0.46) 100.00

NOTE: Weights are from random effects analysis
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Figure 2. Patients with ALS had lower levels of uric acid than healthy controls.

Comparing UA levels in ALS patients and control subjects. There was substantial heterogeneity
between those case-control studies (P < 0.001; I*=87.6%). Thus, a random-effects model was used. The mean
concentration of serum uric acid was lower in ALS patients compared to control subjects (SMD = —0.72, 95% CI
[—0.98, — 0.46], P < 0.001). The forest plot was shown in Fig. 2. Sensitivity analysis demonstrated that the pooled
SMD was stable after omitting each study, which suggested that the results were reliable and robust (Fig. S1).

Serum UA levels and all-cause mortality among ALS patients. Heterogeneity analysis suggested that
there was no obvious heterogeneity between those cohort studies, and a fixed-effects model was used to pool the
risk estimate. The results suggested that higher serum UA levels were associated with decreased all-cause mor-
tality among ALS patients (top vs. bottom tertile RR=0.70, 95% CI [0.57, 0.87], P=0.001). The forest plot was
shown in Fig. 3. Sensitivity analysis indicated that the pooled RR was stable after omitting each study (Fig. S2).
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Study %
D RR (95% Cl) Weight
Zheng (2014) - 0.95(0.43,208) 6385
O'Reilly (2016) —O—é_ 0.58 (0.36, 0.93) 18.89
a
Paganoni (2017) —_— 0.72(0.57, 0.92) 74.26
Overall (l-squared = 0.0%, p = 0.541) <> 0.70 (0.57, 0.87) 100.00
T T
.36 1 278

Figure 3. High serum uric acid levels were significantly associated with decreased risk of death among ALS

patients.
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Publication bias. Publication bias was assessed by funnel plot and Egger’s test. The funnel plot showed that
there was no obvious asymmetry (Fig. 4). In addition, Egger’s test did not indicate significant publication bias
(P=0.506).

Discussion

It is important to explore the association between UA and ALS. The present meta-analysis included both
case-control studies comparing the serum UA levels in ALS patients and control subjects, and cohort studies
assessing the risk of death among ALS patients with different categories of serum UA levels. Our results identified
that the level of serum UA in ALS patients was significantly lower than that in control subjects. We also demon-
strated that elevated serum UA levels were associated with lower all-cause mortality risk in patients with ALS.
The top tertile of UA levels was associated with 30% lower risk of death compared to the bottom tertile among
ALS patients. Therefore, there is an inverse association between serum UA levels and risk of death among ALS
patients, and UA plays a protective role in ALS. Considering the protective effect of UA, elevated UA levels could
be a potential therapeutic method for ALS, and randomized controlled trails are needed.

A previous meta-analysis, which included 3 studies, found that ALS was associated with a lower concentration
of serum uric acid*’. There were some differences when compared these two meta-analyses. First, we included
cohort studies assessing the all-cause mortality risk among ALS patients with different serum UA levels, which
could help us assess the effect of UA levels on the risk of death among ALS patients. Second, we conducted a com-
prehensive search and included more recent studies (8 case-control studies and 3 cohort studies). Third, study
quality was strictly evaluated, and robustness of the results was examined in this meta-analysis.

Previous epidemiological studies proved that decreased uric acid levels were associated with an increased risk
of PD and AD****. UA has the ability to reduce oxidative stress, to inhibit glutamate toxicity, and to protect cen-
tral nervous system®%. ALS could benefit from these properties. First, superoxide, like reactive oxygen radicals,
could increase oxidative neurotoxicity to neurons?.UA can play a protective role by removing it¥’. Second, UA
could also chelate copper and iron, which meant that they cannot catalyze free-radical reactions®®. Third, gluta-
mate toxicity involved in the pathogenesis of ALS***’. UA could reduce damage to neurons elicited by reducing
glutamate toxicity?!.
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Of course, there were several limitations in this meta-analysis, so the results should be treated cautiously.
First, this meta-analysis only included studies published in English and Chinese, which could inevitably lead to
language bias. Second, diet and lifestyle differences might influence the metabolism of UA, while these differences
could not be considered in this study. Third, selection bias might have been introduced because we fail to obtain
complete data from some studies. Fourth, it has been proved that UA levels were correlated with BMI. But several
included studies did not adjusted BMI between ALS patients and healthy controls, which might reduce the reli-
ability of the study results. Fifth, we failed to conduct the dose-response analysis between serum UA levels and
all-cause mortality risk among ALS patients because of limited data.

In conclusion, there is an inverse association between serum UA levels and risk of death among ALS patients.
UA plays a protective role in ALS. Well-designed randomized controlled trials are required to assess the thera-
peutic effect of UA on ALS.

Methods
This study was conducted according to the “Preferred Reporting Items for Systematic Reviews and Meta-analyses”
(PRISMA) guidelines®.

Research strategies. Four main computerized databases, including PubMed, Web of Science, Embase and
Cochrane Library were searched to collect studies regarding the association between UA levels and ALS before
31st August, 2017. The research language was restricted to English and Chinese. The following search terms were
used: “uric acid” or “urate”, or “urine acid”, or “UA”, and “amyotrophic lateral sclerosis” or “ALS”. Furthermore,
reference lists of relevant articles were evaluated to collect all eligible articles.

Inclusion and exclusion criteria. The inclusion criteria were as follows: (1) having definite diagnostic cri-
teria for ALS; (2) case-control studies or cohort studies evaluating the association between serum UA levels and
ALS; (3) comparing the serum UA levels in ALS patients and control subjects or assessing the all-cause mortal-
ity risk among ALS patients with different categories of serum UA levels; (4) odds risk(OR), risk ratio (RR), or
Hazard risk (HR) with 95% confidence interval (CI) were reported in cohort studies, or mean value of serum UA
levels with standard derivation (SD) was reported in case-control studies. The exclusion criteria were as follows:
(1) necessary data were not available; (2) duplicate reports; and (3) animal studies.

Data extraction and quality assessment.  The following data were extracted from each included studies:
author name, publication year, country of origin, gender, controlled factors, mean value and SD of serum UA
levels, sample size of ALS cases and healthy controls, risk estimates of all-cause mortality in ALS cohorts, and
adjusted confounders. Study quality was assessed by the Newcastle-Ottawa Scale (NOS)*. The maximum point
was 9. A score of 7 or above was considered high quality. The literature search and data extraction were completed
by two investigators separately. The disagreements between investigators were resolved by discussion.

Data analysis. To compare serum UA levels in ALS patients and control subjects, standardized mean differ-
ence (SMD) with 95% CI was used. To evaluate the association between serum UA levels and all-cause mortality
risk in ALS patients, the RR with 95% CI was used. The UA concentration was converted from pmol/L to mg/dl
using a ratio of 16.81 (1pmol/L = 0.01681 mg/dl). HRs and ORs were assumed equally to RR. Risk estimates for
UA were differently reported by individual studies (e.g., halves, tertiles, or per unit change), and thus transformed
as previously described®*®. Briefly, log risk estimates were transformed with the comparison of top and bottom
tertiles being equivalent to 1.37 times the log risk ratio for comparison between the top and bottom halves, and to
2.18 times the log risk ratio for 1-standard deviation (SD) increase.

Heterogeneity analysis was assessed using the Cochrane Q test and I” statistic®®. If I < 50% and P > 0.1 in the
Q test, the studies were not obviously heterogeneous, and the fixed-effects model was used to calculate the pooled
estimate. Otherwise, the random-effects model was used when there was substantial heterogeneity. Publication
bias was assessed by funnel plot and Egger’s test*’. To evaluate the influence of each individual study on the pooled
estimate, sensitivity analysis was conducted by omitting each study by turns. All data were analyzed using the
STATA12.0 software. P < 0.05 was considered statistically significant.

Data availability. All data generated or analysed during this study are included in this article and its supple-
mentary materials.

References

1. Brown, R. H. & Al-Chalabi, A. Amyotrophic Lateral Sclerosis. The New England journal of medicine 377, 162-172, https://doi.
org/10.1056/NEJMral603471 (2017).

2. Kiernan, M. C. et al. Amyotrophic lateral sclerosis. Lancet 377, 942-955, https://doi.org/10.1016/S0140-6736(10)61156-7 (2011).

3. Marin, B. et al. Variation in worldwide incidence of amyotrophic lateral sclerosis: a meta-analysis. International journal of
epidemiology 46, 57-74, https://doi.org/10.1093/ije/dyw061 (2017).

4. Talbot, K. Motor neuron disease: the bare essentials. Practical neurology 9, 303-309, https://doi.org/10.1136/jnnp.2009.188151
(2009).

5. Niedzielska, E. et al. Oxidative Stress in Neurodegenerative Diseases. Molecular neurobiology 53, 4094-4125, https://doi.org/10.1007/
§12035-015-9337-5 (2016).

6. Writing, G. & Edaravone, A. L. S. S. G. Safety and efficacy of edaravone in well defined patients with amyotrophic lateral sclerosis: a
randomised, double-blind, placebo-controlled trial. The Lancet. Neurology 16, 505-512, https://doi.org/10.1016/S1474-
4422(17)30115-1 (2017).

7. Glantzounis, G. K., Tsimoyiannis, E. C., Kappas, A. M. & Galaris, D. A. Uric acid and oxidative stress. Current pharmaceutical design
11, 4145-4151 (2005).

SCIENTIFICREPORTS| (2018) 8:1100 | DOI:10.1038/s41598-018-19609-2 4


http://dx.doi.org/10.1056/NEJMra1603471
http://dx.doi.org/10.1056/NEJMra1603471
http://dx.doi.org/10.1016/S0140-6736(10)61156-7
http://dx.doi.org/10.1093/ije/dyw061
http://dx.doi.org/10.1136/jnnp.2009.188151
http://dx.doi.org/10.1007/s12035-015-9337-5
http://dx.doi.org/10.1007/s12035-015-9337-5
http://dx.doi.org/10.1016/S1474-4422(17)30115-1
http://dx.doi.org/10.1016/S1474-4422(17)30115-1

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

. Ames, B. N, Cathcart, R., Schwiers, E. & Hochstein, P. Uric acid provides an antioxidant defense in humans against oxidant- and

radical-caused aging and cancer: a hypothesis. Proceedings of the National Academy of Sciences of the United States of America 78,
6858-6862 (1981).

. Schrag, M. et al. Oxidative stress in blood in Alzheimer’s disease and mild cognitive impairment: a meta-analysis. Neurobiology of

disease 59, 100-110, https://doi.org/10.1016/j.nbd.2013.07.005 (2013).

Chen, X. et al. Serum uric acid levels in patients with Alzheimer’s disease: a meta-analysis. PloS one 9, €94084, https://doi.
org/10.1371/journal.pone.0094084 (2014).

Shen, L. & Ji, H. F. Low uric acid levels in patients with Parkinson’s disease: evidence from meta-analysis. BM] open 3, €003620,
https://doi.org/10.1136/bmjopen-2013-003620 (2013).

Sohmiya, M. et al. An increase of oxidized coenzyme Q-10 occurs in the plasma of sporadic ALS patients. Journal of the neurological
sciences 228, 49-53, https://doi.org/10.1016/j.jns.2004.09.030 (2005).

Keizman, D. et al. Low uric acid levels in serum of patients with ALS: further evidence for oxidative stress? Journal of the neurological
sciences 285, 95-99, https://doi.org/10.1016/j.jns.2009.06.002 (2009).

Zoccolella, S. et al. An exploratory study of serum urate levels in patients with amyotrophic lateral sclerosis. Journal of neurology 258,
238-243, https://doi.org/10.1007/s00415-010-5735-9 (2011).

Ikeda, K., Hirayama, T., Takazawa, T., Kawabe, K. & Iwasaki, Y. Relationships between disease progression and serum levels of lipid,
urate, creatinine and ferritin in Japanese patients with amyotrophic lateral sclerosis: a cross-sectional study. Internal medicine 51,
1501-1508 (2012).

Zheng, Z. et al. Serum uric acid level is associated with the prevalence but not with survival of amyotrophic lateral sclerosis in a
Chinese population. Metabolic brain disease 29, 771-775, https://doi.org/10.1007/s11011-014-9510-y (2014).

Oh, S. I. et al. Prognostic Role of Serum Levels of Uric Acid in Amyotrophic Lateral Sclerosis. Journal of clinical neurology 11,
376-382, https://doi.org/10.3988/jcn.2015.11.4.376 (2015).

Duan, Y. & Fan, D. [Association of serum uric acid level with amyotrophic lateral sclerosis]. Zhonghua yi xue za zhi 96, 207-209,
https://doi.org/10.3760/cma.j.issn.0376-2491.2016.03.012 (2016).

Nagase, M., Yamamoto, Y., Miyazaki, Y. & Yoshino, H. Increased oxidative stress in patients with amyotrophic lateral sclerosis and
the effect of edaravone administration. Redox report: communications in free radical research 21, 104-112, https://doi.org/10.1179/1
351000215Y.0000000026 (2016).

O'Reilly, E. J. et al. Serum urate at trial entry and ALS progression in EMPOWER. Amyotrophic lateral sclerosis & frontotemporal
degeneration 18, 120-125, https://doi.org/10.1080/21678421.2016.1214733 (2017).

Paganoni, S. et al. Urate levels predict survival in amyotrophic lateral sclerosis: Analysis of the expanded Pooled Resource Open-
Access ALS clinical trials database. Muscle & nerve, https://doi.org/10.1002/mus.25950 (2017).

Abraham, A. & Drory, V. E. Influence of serum uric acid levels on prognosis and survival in amyotrophic lateral sclerosis: a meta-
analysis. Journal of neurology 261, 11331138, https://doi.org/10.1007/s00415-014-7331-x (2014).

Wen, M. et al. Serum uric acid levels in patients with Parkinson’s disease: A meta-analysis. PloS one 12, €0173731, https://doi.
org/10.1371/journal.pone.0173731 (2017).

Du, N. et al. Inverse Association Between Serum Uric Acid Levels and Alzheimer’s Disease Risk. Molecular neurobiology 53,
2594-2599, https://doi.org/10.1007/s12035-015-9271-6 (2016).

Paganoni, S. & Schwarzschild, M. A. Urate as a Marker of Risk and Progression of Neurodegenerative Disease. Neurotherapeutics:
the journal of the American Society for Experimental NeuroTherapeutics 14, 148-153, https://doi.org/10.1007/s13311-016-0497-4
(2017).

Pacher, P., Beckman, J. S. & Liaudet, L. Nitric oxide and peroxynitrite in health and disease. Physiological reviews 87, 315-424,
https://doi.org/10.1152/physrev.00029.2006 (2007).

Kutzing, M. K. & Firestein, B. L. Altered uric acid levels and disease states. The Journal of pharmacology and experimental therapeutics
324, 1-7, https://doi.org/10.1124/jpet.107.129031 (2008).

Squadrito, G. L. et al. Reaction of uric acid with peroxynitrite and implications for the mechanism of neuroprotection by uric acid.
Archives of biochemistry and biophysics 376, 333-337, https://doi.org/10.1006/abbi.2000.1721 (2000).

Heath, P. R. & Shaw, P. J. Update on the glutamatergic neurotransmitter system and the role of excitotoxicity in amyotrophic lateral
sclerosis. Muscle & nerve 26, 438-458, https://doi.org/10.1002/mus.10186 (2002).

Browne, S. E. et al. Bioenergetic abnormalities in discrete cerebral motor pathways presage spinal cord pathology in the G93A SOD1
mouse model of ALS. Neurobiology of disease 22, 599-610, https://doi.org/10.1016/j.nbd.2006.01.001 (2006).

Du, Y., Chen, C. P, Tseng, C. Y, Eisenberg, Y. & Firestein, B. L. Astroglia-mediated effects of uric acid to protect spinal cord neurons
from glutamate toxicity. Glia 55, 463-472, https://doi.org/10.1002/glia.20472 (2007).

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G. & Group, P. Preferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement. PLoS medicine 6, e1000097, https://doi.org/10.1371/journal.pmed.1000097 (2009).

Stang, A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-
analyses. European journal of epidemiology 25, 603-605, https://doi.org/10.1007/s10654-010-9491-z (2010).

Chowdhury, R. et al. Vitamin D and risk of cause specific death: systematic review and meta-analysis of observational cohort and
randomised intervention studies. Brmj 348, g1903, https://doi.org/10.1136/bmj.g1903 (2014).

Yin, P. et al. The association between serum uric acid level and the risk of fractures: a systematic review and meta-analysis.
Osteoporosis international: a journal established as result of cooperation between the European Foundation for Osteoporosis and the
National Osteoporosis Foundation of the USA 28, 2299-2307, https://doi.org/10.1007/s00198-017-4059-3 (2017).

Mittlbock, M. & Heinzl, H. A simulation study comparing properties of heterogeneity measures in meta-analyses. Statistics in
medicine 25, 4321-4333, https://doi.org/10.1002/sim.2692 (2006).

Egger, M., Davey Smith, G., Schneider, M. & Minder, C. Bias in meta-analysis detected by a simple, graphical test. Bmj 315, 629-634
(1997).

Acknowledgements
This study was supported by Science and Technology Program of Henan Province (No. 172102310224).

Author Contributions

X.C. conceived and designed the study. Y.K. and J.H. did the literature research. Z.F. and N.L. extracted and
analyzed the data. L.L. and Q.Z. prepared tables and figures. EZ. wrote the manuscript. All authors reviewed the
manuscript and approved the final version.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-19609-2.

Competing Interests: The authors declare that they have no competing interests.

SCIENTIFICREPORTS | (2018) 8:1100 | DOI:10.1038/s41598-018-19609-2 5


http://dx.doi.org/10.1016/j.nbd.2013.07.005
http://dx.doi.org/10.1371/journal.pone.0094084
http://dx.doi.org/10.1371/journal.pone.0094084
http://dx.doi.org/10.1136/bmjopen-2013-003620
http://dx.doi.org/10.1016/j.jns.2004.09.030
http://dx.doi.org/10.1016/j.jns.2009.06.002
http://dx.doi.org/10.1007/s00415-010-5735-9
http://dx.doi.org/10.1007/s11011-014-9510-y
http://dx.doi.org/10.3988/jcn.2015.11.4.376
http://dx.doi.org/10.3760/cma.j.issn.0376-2491.2016.03.012
http://dx.doi.org/10.1179/1351000215Y.0000000026
http://dx.doi.org/10.1179/1351000215Y.0000000026
http://dx.doi.org/10.1080/21678421.2016.1214733
http://dx.doi.org/10.1002/mus.25950
http://dx.doi.org/10.1007/s00415-014-7331-x
http://dx.doi.org/10.1371/journal.pone.0173731
http://dx.doi.org/10.1371/journal.pone.0173731
http://dx.doi.org/10.1007/s12035-015-9271-6
http://dx.doi.org/10.1007/s13311-016-0497-4
http://dx.doi.org/10.1152/physrev.00029.2006
http://dx.doi.org/10.1124/jpet.107.129031
http://dx.doi.org/10.1006/abbi.2000.1721
http://dx.doi.org/10.1002/mus.10186
http://dx.doi.org/10.1016/j.nbd.2006.01.001
http://dx.doi.org/10.1002/glia.20472
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1007/s10654-010-9491-z
http://dx.doi.org/10.1136/bmj.g1903
http://dx.doi.org/10.1007/s00198-017-4059-3
http://dx.doi.org/10.1002/sim.2692
http://dx.doi.org/10.1038/s41598-018-19609-2

www.nature.com/scientificreports/

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
Cam | icense, which permits use, sharing, adaptation, distribution and reproduction in any medium or

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2018

SCIENTIFICREPORTS| (2018) 8:1100 | DOI:10.1038/s41598-018-19609-2 6


http://creativecommons.org/licenses/by/4.0/

	Serum uric acid levels in patients with amyotrophic lateral sclerosis: a meta-analysis

	Results

	Characteristics of the included studies. 
	Comparing UA levels in ALS patients and control subjects. 
	Serum UA levels and all-cause mortality among ALS patients. 
	Publication bias. 

	Discussion

	Methods

	Research strategies. 
	Inclusion and exclusion criteria. 
	Data extraction and quality assessment. 
	Data analysis. 
	Data availability. 

	Acknowledgements

	Figure 1 Flow chat of the study selection.
	Figure 2 Patients with ALS had lower levels of uric acid than healthy controls.
	Figure 3 High serum uric acid levels were significantly associated with decreased risk of death among ALS patients.
	Figure 4 Publication bias assessment of the meta-analysis.




