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ABSTRACT

األهداف:  لدراسة العالقة احملتملة بني مرضى التصلب اجلانبي 
ضموري )ALS( وقابليتها يف رفع مستوى مصل الفيريتني.

بيانات  قواعد  يف  اللغات  بجميع  بحث  أجرينا  الطريقة:  
PubMed, Springer, Medline, OVID عن مقاالت وبحوث 
والتي   ALS املرضى  الفيرتني يف  مبستويات مصل  متعلقة  أصلية 
2015م. استخدام  2005م ويونيو  الفترة ما بني يونيو  نشرت يف 
التجانس،  الختبار   RevMan 5.0 التلوي  التحليل  برنامج 

والختبار التأثير الكلي.

النتائج:  وجدنا 6 دراسات طابقت شواهد ومعايير هذا البحث 
مبا يف ذلك بيانات ملا مجموعه 1813 مشاركًا. كان فارق متوسط 
مستويات مصل فيريتني مقارنة مع ALS األصحاء 69.05 )فترة 
التجانس:  عدم  p<0.00001(؛  85.54؛  52.56حتى  الثقة 
حتليل  يف  التماثل  إلى  النتائج  وتشير   .I2=50% p=0.03؛ 

احلساسية. أشار تقييم اخلطيطة القمعية حتيز النشر املنهجي.

اخلامتة:  تشير نتائجنا إلى أن مرض ALS يرتبط بشكل إيجابي 
مع قابلية ارتفاع مستويات مصل فيريتني. إلثبات ذلك يتطلب 

األمر املزيد من األدلة.

Objective: To study the possible relationship between 
amyotrophic lateral sclerosis )ALS( patients and their 
susceptibility to serum ferritin level elevation.

Methods: We searched the PubMed, Springer, 
Medline, and OVID databases for any-language  
original research articles relating to serum ferritin 
levels in ALS patients published between June 
2005 and June 2015. The search term used with 
‘amyotrophic lateral sclerosis’, ‘ferritins’, ‘ferritin’, 
‘iron’, ‘iron stores, ‘iron status, ‘iron intake’, and ‘iron 
consumption’. The meta-analysis software RevMan 
5.0 was used for the heterogeneity test, and to test for 
the overall effect. 
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Results: Six case-control studies met our inclusion 
criteria including data from a total of 1813 
participants. The mean difference of serum ferritin 
levels comparing ALS to healthy controls was 69.05 
)95% confidence interval: 52.56-85.54; p<0.00001(; 
heterogeneity: p=0.03; I2=50%. The findings indicate 
homology in the sensitivity analysis. Funnel plot 
assessment indicated publication bias. 

Conclusion: Our results suggest that ALS is positively 
associated with susceptibility to the elevation of serum 
ferritin levels; however, further evidence is required to 
support this.
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Amyotrophic lateral sclerosis )ALS( is a 
neurodegenerative disorder caused by the loss of 

motor neurons leading to progressive bulbar, limb, 
and respiratory muscle weakness.1 Death generally 
occurs within 2-5 years after symptom onset, mostly 
due to respiratory failure.2 Prognostic factors related 
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to shorter survival time include older age, short time 
from symptom onset to diagnosis, bulbar onset,3 
lower uric acid )UA(,4 albumin, and creatinine levels.5 

Oxidative stress, glutamate induced excitotoxicity, 
mitochondrial dysfunction, inflammation, and 
disturbed metal metabolism has been proposed as the 
causes of neurodegeneration in ALS.6 Iron metabolism 
has been implicated in the pathogenesis of several 
neurodegenerative disorders; for example, Alzheimer 
disease )AD(, Parkinson disease )PD(, Huntington’s 
disease )HD(, neurodegeneration with brain iron 
accumulation )NBIA(, restless leg syndrome )RLS(, 
Friedreich’s ataxia )FRDA(, and neuroferritinopathy 
due to its ability to generate cytotoxic reactive radicals.7 
Using histological methods, Kwan et al8 showed that 
iron was increased in the motor cortex in 2 ALS 
patients. Early confirmed diagnosis, oral riluzole, which 
is the only drug approved for treatment, better hospital 
symptomatic care, early use of nutrition, and respiratory 
management have shown an improvement in survival.9 
The ALS Functional Rating Scale )ALSFRS( and % 
forced vital capacity )%FVC(, have been shown to 
decrease linearly over time and predict survival.10

In the current meta-analysis, we aim to analyze 
the findings of published original research articles 
investigating the relationship between ALS and 
susceptibility to serum ferritin level elevation compared 
with healthy controls.

Methods. Search strategy. We systematically 
searched PubMed, Springer, Medline, and OVID for 
original research articles, scanned the reference lists of 
identified articles, and conducted hand-searching of 
relevant journals according to the Cochrane handbook  
to retrieve published studies on serum ferritin levels in 
ALS patients. We used free text and the medical subject 
heading )MeSH( terms ‘amyotrophic lateral sclerosis’, 
‘ferritins’, ‘ferritin’, ‘iron’, ‘iron stores, ‘iron status, ‘iron 
intake’, and ‘iron consumption’. The search period 
was all-inclusive between June 2005 to June 2015, no 
language restrictions were added. 

Study selection. We included all observational 
studies in which the ALS patients were diagnosed 
serially with definite or probable ALS according to 
diagnostic criteria for definite or probable ALS based 
on the El Escorial World Federation diagnostic criteria. 
The exclusion criteria were as follows: 1( No original 
research )reviews, editorials, non-research letters(; 2( case 
reports and case series; 3( studies concerning children, 
adolescents, and pregnant women; 4( study subjects 
with hypertension, hemochromatosis, gout attacks, 
chronic liver disease, liver cirrhosis, or chronic renal 

diseases, chronic inflammatory diseases, a percutaneous 
enterogastrostomy, iron, uric acid- or lipid-lowering 
medications; 5( test for the concentration of ferritin-L 
subunit.

Data extraction and quality assessment. Two meta-
analysis trained investigators independently reviewed 
the search results and selected articles to determine 
eligibility and to extract study data. To assess study 
quality, we used the Downs and Black quality assessment 
scale )DBQAS( of case-control studies. Each of the 
criteria were categorized as clearly yes or clearly no. A 
score between 0 and 30 was assigned to allow for quality 
analysis )0 denoted noncompliance with any criteria, 
and 30 denoted fulfillments of all criteria(.

Data synthesis and statistical analysis. Heterogeneity 
was quantified with the I2 statistic, which describes the 
proportion of total variation in the study estimates that 
is due to heterogeneity. A meta-analysis of 6 studies 
comparing serum ferritin levels between ALS patients and 
healthy controls was performed. All statistical analyses 
were performed using RevMan 5.0 )Copenhagen: the 
Nordic Cochrane Centre, the Cochrane Collaboration, 
2008(, and included an integrated analysis as follows: 
For mean difference )MD( estimates from individual 
studies, we used an inverse-variance weighted fixed-
effect model when the heterogeneity test was p≥0.05, 
and a random-effect model when the heterogeneity 
test was p<0.05. We used sensitivity analyses to assess 
the relative influence of each study. Finally, we assessed 
publication bias using funnel plots. 

Results. General characteristics of the ALS patients. 
Six case-control studies11-16 published between 2008 
and 2015 were included in the meta-analysis and 
comprised 1053 cases of ALS )male to female ratio 
= 1.40(, and 760 healthy control cases from the UK, 
USA, France, and Japan. The characteristics of the 1053 
ALS patients are summarized in Table 1. The mean 
age at the sampling time of ALS patients, which was 
recorded in 5 reports, was 61.9 years. In one report,12 
the mean age at symptom onset was 56.3±13.0 
years. The mean percentage of bulbar onset, which was 
defined as symptoms first occurring at the bulbar level 
with dysphagia, dysphonia, or dysarthria was 32.8%. 
Only one report13 reported the body mass index )BMI( 
at 22.6 kg/m2. The mean ALSFRS of 3 reports13-15 was 
32.5, and the mean %FVC of 2 reports13,15 was 87.8%. 
The DBQAS scores of studies included were 26-29 
points )Table 1(.

Meta-analysis results of the serum ferritin level in 
ALS patients. There was heterogeneity when comparing 
serum ferritin levels of male ALS patients to healthy 
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was 62.96 ug/L )95% CI: 40.00-85.93; p<0.00001( 
)Figure 2(. There was heterogeneity when comparing 
the serum ferritin levels of all ALS patients with healthy 
controls )p=0.03; I2 =50%(, so the studies were analyzed 
using the random-effect model. The MD of serum 
ferritin levels compared between all ALS patients and 
healthy controls was 69.05 ug/L )95% CI: 52.56-85.54; 
p<0.00001( )Figure 1(. 

The sensitivity analysis. The overall effects were 
analyzed using a fixed-effect model to include 6 studies 

controls )p=0.02; I2 =65%(, so the studies were 
analyzed using the random-effect model. The MD of 
serum ferritin levels compared between ALS patients 
and healthy controls was 82.94 ug/L )95% confidence 
interval [CI]: 45.90-119.97; p<0.00001( )Figure 1(. 
There was no heterogeneity when comparing serum 
ferritin levels of female ALS patients to healthy controls 
)p=0.11; I2 =46%(, so the studies were analyzed using 
the fixed-effect model. The MD of serum ferritin levels 
compared between ALS patients and healthy controls 

Table 1 - General characteristics of included amyotrophic lateral sclerosis )ALS( patients.

Study ALS/control Nation Gender 
ratio

(M:F)

Age at 
sample
(mean)

%Bulbar 
onset

BMI
(kg/m2)

ALSFRS 
(/48)

(mean)

%FVC
(mean)

Quality 
scores

Ferritin 
assay
(/30)

Goodall et al 200811 60/44 UK 2.16 60.0 NR NR NR NR 26 NR

Qureshi et al 200812 30/30 USA 1.31 NR NR NR NR NR 29 NR

Nadjar et al 201214 629/297 France 1.05 61.5 34.1 NR 30.62 NR 29 NIA

Ikeda et al 201213 92/92 Japan 1.63 58.8 10.9 22.6 40.30 94.3 29 EIA

Veyrat-Durebex et al 201415 104/145 France 1.08 67.6 40.8 NR 37.00 82.0 29 EIA

Su et al 201516 138/152 USA 1.71 62.1 35.5 NR NR NR 28 EIA

Total 1053/760 1.40 61.9 32.8 22.6 32.50 87.8

M:F - the ratio of males to females for included ALS patient, %Bulbar onset - the percentage of bulbar onset defined as symptoms first occurring at the 
bulbar level with dysphagia, dysphonia, or dysarthria, BMI - body mass index, ALSFRS - ALS functional rating scale, FVC - forced vital capacity, 

NR - not reported, NIA - nephelometric immunoassay, EIA electrochemiluminescence immunoassay, quality scores were assigned using the Downs and 
Black quality assessment scale )DBQAS(

Figure 1 - Forest plot of relationship between ALS and susceptibility to serum ferritin level elevation analyzed by the random-effects model. Note: Studies 
are divided by gender )male, female, and both genders(. Diamonds represent mean difference )MD( estimates from inverse-variance )IV( 
weighted random-effects model. Unit of serum ferritin levels: ug/L, CI - confidence interval 
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comparing the serum ferritin levels of all ALS patients 
with the healthy controls. The MD of serum ferritin 
levels compared between ALS patients and healthy 
controls was 58.93 )95% CI: 48.92-68.93; p<0.00001( 
)Figure 2(. The results were the same as the random-
effect model, indicating the reliability of the results. 

Publication bias. Funnel plots were drawn using RevMan 
5.0 for the susceptibility of ALS patients to serum ferritin 

level elevation. The funnel plots were not symmetrical and 
funnel shaped, indicating publication bias )Figure 3(.

Discussion. In the present study, we conducted a 
meta-analysis to summarize the independent positive 
association between ALS patients and their susceptibility 
to serum ferritin levels. Recent studies indicated that 
patients with acute ischemic stroke,17 neurodegenerative 
diseases )AD, PD, HD, FRDA, aceruloplasminemia(,18 

and diabetes mellitus peripheral neuropathy had high 
serum ferritin levels. Abril-Ulloa et al19 suggested 
that high ferritin blood concentrations were related 
to the presence of metabolic syndrome )including 
abdominal obesity, insulin resistance, hyperglycemia, 
hyperlipidemia, and hypertension(, which was a 
significant risk factor for cardiovascular disease, type 
2 diabetes, and cancer. In contrast, low serum ferritin 
levels were reported in restless leg syndrome and 
neuroferritinopathy patients.7,18 The role of ferritin 
in these conditions may relate to oxidative stress.7,17-19 
The serum ferritin levels in ALS were statistically 
higher compared with healthy controls in our study. 
The physiological mechanisms and effects of increased 
iron deposition in the motor cortex in ALS patients 
remain unclear.8 Disorder of iron ion homeostasis 
in motor neurons or microglia could cause disease, 
especially in activated microglia where accumulated 
iron could gradually produce iron overload induced 
neurodegenerative diseases.20

Figure 3 - Funnel plot of relationship between ALS and susceptibility 
to serum ferritin level elevation analyzed by the random-
effects model. Note: The funnel plots indicate the existence of 
publication bias. MD - mean difference, SE - standard error.

Figure 2 - Forest plot of relationship between ALS and susceptibility to serum ferritin level elevation analyzed by the fixed-effects model. Note: Studies are 
divided by gender )male, female, and both genders(. Diamonds represent mean difference )MD( estimates from inverse-variance )IV( weighted 
fixed-effects model. Unit of serum ferritin levels: ug/L, CI - confidence interval 
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Ferritin is an iron storage protein consisting of 
heavy )H( and light )L( subunits, associated with 
responses to oxidation stress and iron storage.7 Because 
ferric iron )Fe3+, Fe2+( causes a catalytic Haber-Weiss 
reaction )O•2−+ H2O2→O2+•OH+OH−), it is essential 
for the maintenance of Fe homeostasis to maintain 
a healthy brain, and Fe-related neurodegenerative 
disorders can result from both iron accumulation in 
specific brain regions or defects in its metabolism 
and/or homeostasis.18 H-ferritin is mostly distributed 
in neurons, L-ferritin in microglia, and both H- and 
L-ferritin in oligodendrocytes.20 Neuroferritinopathy 
is the indirect model to study the connection between 
ferritin and neurological disorders as an autosomal 
dominant extra-pyramidal movement disorder caused 
by mutations in the ferritin light chain gene with the 
characteristics of iron deposition in the basal ganglia and 
cavitations.7 Iron over deposition in the cerebral cortex, 
cerebellum, and basal ganglia can result in neuronal 
loss through oxidation stress and the inflammation 
process.21 Based on this, the use of iron chelating 
therapy to reduce serum ferritin levels in ALS may have 
therapeutic benefits and improve survival time.

The limitations of this meta-analysis are related 
to high heterogeneity )Figure 1(, the lack of original 
research reports )Table 1(, and publication bias )Figure 3(. 
The elevated heterogeneity and publication bias may 
be explained by the study design, type of measure of 
association, geographic area, ferritin assay technique, 
%Bulbar onset, age at sample, ALSFRS, BMI, %FVC, 
non-invasive positive-pressure ventilation, oral riluzole, 
and enteral nutrition.1 Because serum ferritin is an 
acute-phase reactive protein that can be raised in 
the presence of acute or chronic inflammation, it 
changes according to the inflammation levels of ALS. 
Dysphagia is a common feature in ALS patients with 
32.8% prevalence at disease onset )Table 1(, with 
progression during the course of its natural history 
leading to progressive hypophagia, dehydration, lung 
infection, protein-energy malnutrition, and turns 
the respiratory function from bad to worse. This 
may elevate the serum ferritin levels according the 
mechanism of ferritin in inflammation. In 2 papers13,15 
reported that the ALS-FRS and %FVC declined year 
after year in natural history of ALS. Ikeda et al13 also 
reported that the ALSFRS and %FVC rapid worsening 
)ALSFRS decline ≥1 point/month and annual decline 
of %FVC ≥30%( had significant positive association 
to the baseline levels of ferritin. There is still a lack of 
research exploring the relationship between decreasing 
ALSFRS and %FVC and serum ferritin level elevation 
instead of the baseline ferritin levels. There is a lack of 
research exploring the relationship between decreasing 

ALSFRS and %FVC and serum ferritin level elevation. 
Nemba et al22 showed us that lower BMI and serum 
insulin-like growth factor 1 )IGF-1( could increase 
serum ferritin levels in malnourished adolescents with 
eating disorders.1 Only one report13 picked up the BMI 
value, we found that the changes of BMI value have 
relationship with serum ferritin levels. The BMI may be 
one of causes of publication bias. So, we have to talk on 
this phenomenon.

Iron overload was defined as serum ferritin levels 
greater than 200 ug/L for males, and 150 ug/L for 
females by the World Health Organization )WHO(.19 

Five studies11-14,16 reported serum ferritin levels 
indicating iron overload in males, but only 2 studies12,13 
reported iron overload in females. The mean serum 
ferritin level of female healthy controls in one study13 

was 190.6 ug/L, which is higher than the upper limit 
of iron overload. The mean serum ferritin level was 
reported in both genders of another study15 as 202.2 
ug/L, which is higher than the iron overload for males. 

Elevated serum ferritin levels could potentially 
influence developing ALS and survival time due to 
the important role of ferritin in the physiological 
mechanisms of ALS.16 In the early stages of this disease, 
iron-chelating therapy to reduce serum ferritin levels 
may have a positive effect on ALS survival time.

In conclusion, the results of the present meta-
analysis indicate that high serum levels of ferritin are 
positively associated with ALS. Additional prospective 
studies are needed to confirm if high serum ferritin is a 
valid biomarker of ALS, which can be used to identify 
pathological cut-off values.
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