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The clinical assessment of amyotrophic
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ZNF512B gene, neck flexor muscle power
score and body mass index (BMI)
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Abstract

Background: Assessment on the prognosis of amyotrophic lateral sclerosis (ALS) is becoming a focus of research in
recent years since there is no effective treatment. The aim of the research is to explore the major factors involving
in prognosis of ALS patients through long-term follow-up.

Methods: ALS patients’ DNA extracted from peripheral blood white cells were detected for the risk allele by single
nucleotide polymorphism (SNP) analysis. Neck flexor muscle score and body mass index (BMI) were recorded
during Medical Research Council follow-up using manual muscle testing method.

Results: ALS patients with risk alleles (C) deteriorated rapidly with poor clinical outcome. It seemed that the higher
neck flexor muscle strength score in ALS patients with the longer survival time but without significant correlation
(p > 0.05). The lower the basal body mass index, the shorter the survival time and the faster deterioration (p < 0.05).
The patients with body mass index less than 22.04 seemed to have short survival time than those with BMI more
than 22.04 (p < 0.05), however, the speed of deterioration in two groups of patients had no significant difference
(p > 0.05).

Conclusion: The risk (C) allele of the SNP (rs2275294) in the ZNF512B gene, cervical flexor muscle power and body
weight index might have clinical potential for ALS prognostication, since these indicators is so simple to perform
that they might be very suitable for primary clinics and even community medical institutions to carry out.
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Background
As a fatal progressive neurodegenerative disease, there is
not any effective treatment for amyotrophic lateral scler-
osis (ALS), the average survival duration might merely
be 2 to 5 years. It brings heavy burden to family and so-
ciety, and evenly a tough challenge to medical physicians
who had been puzzled for decades. Since no advance
could be expected in the predictable future years, the
evaluation of its prognosis has become a more and more

hot focus in research field in recent years. Recent studies
showed that the risk (C) allele of the SNP (rs2275294) in
the ZNF512B gene [1], neck flexor muscle power score
[2] and body mass index (BMI) [3] are likely to become
credible candidate evaluation indicator for ALS disease
progression and clinical outcome. Although these find-
ings had brought encouraging implication for medical
staff [4], the most recent reports give out inconsistent or
even paradoxical conclusion to some extent [5], it might
be due to lack of comprehensive analysis and population
sample basis. Whereas, there is few investigation involving
Chinese population, especially concerning the above indi-
cators’ combination. Therefore, the research aimed to ex-
plore the reliability indicators combination including risk
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(C) allele of the SNP (rs2275294) in the ZNF512B gene,
neck flexor muscle power and body mass index, in order
to establish reasonable pattern for ALS prognosis, and fur-
thermore to imply appropriate medical intervention and
health care as early as possible.

Methods
Subjects
This investigation was performed prospectively. This
study was conducted in accordance with the declaration
of Helsinki. This study was conducted with approval
from the Ethics Committee of the Second Affiliated
Hospital of the Harbin Medical University. Written in-
formed consent was obtained from the participants. En-
rollment criteria: All of the subjects was collected from
Northeast Territory of China during 2012~2016 who
were diagnosed as ALS according to both clinical symp-
toms, signs and electromyography (EMG) positive mani-
festation. The diagnosis was confirmed by two
neurologist who had been engaged in clinical practice
against ALS for years. All of the recruited patients ful-
filled the diagnostic criteria of ALS China Neurology
Branch of Chinese Medical Association [6]. Exclusion
criteria: familial amyotrophic lateral sclerosis (fALS),
frontotemporal dementia(FTD), severe cardiac, hepatic
and renal function disorder, respiratory failure. Pulmon-
ary function was evaluated every 3 months and noninva-
sive positive pressure ventilation (NIPPV) should be
considered in case of insufficiency of respiratory such as
forced vital capacity less than 80% of predicted value.

Single nucleotide polymorphism analysis
To determine the risk allele, single nucleotide polymorphism
analysis (SNP) for fragment (2275294) was performed. The
specific primer (synthesis by the Shanghai Yingjun Biotech-
nology Co. Ltd.) was designed as follow: upstream: 5-TGCC
AACTOTATTTGTCCATGT-3; downstream: 5-GCAT
GGAGGCTAGAGTGA-3. The genomic DNA of peripheral
blood leukocytes was extracted and amplified by polymerase
chain reaction (PCR). The reaction conditions of PCR were
pre-denaturation at 94 °C for 5min, denaturation at 94 °C
for 10s,annealing at 61 °C for 10s, extension at 72 °C for 30s,
35 cycles totally, in the end and extension at 72 °C for 10
min finally. PCR amplification products were sequenced by
direct sequencing of fluorescent dyes (Beijing infinite peaks),
and SNP (rs275294) risk alleles were detected as CC, CT,
TTgenotypes.

Cervical flexor muscle strength score
Cervical flexor muscle strength was determined using a
handheld dynamometer. According to the MRC Re-
search Council (Medical) scoring criteria, the cervical
flexor muscle strength score is divided into 0–5 points.

This study measured the neck flexor muscle is divided
into 3 grades (5, 3–4 = 2).

Body mass index (BMI)
Recorded height and weight at the time of diagnosis, and
height and weight at follow-up, calculated body mass
index, BMI = weight (kg)/height [2] (M2). According to
the World Health Organization (WHO) standard, the
body mass index is divided into 4 grades, low birth weight
(BMI = 18.5), normal (BMI 18.6–249), overweight (BMI
25.0–299), obesity (BMI = 30); the changes of BMI were
divided into three groups: BMl decreased by > 1 units,
BMI changes the same, BMI increased > 1 units. Using the
revised amyotrophic lateral sclerosis functional rating
scale (ALSFRS-R) of ALS [7], diagnosis and follow-up
were recorded. ALSFRS-R is composed of 12 parts, in-
cluding language, writing, swallowing, sleep secretion, pa-
tients with fistula and cutting food tableware used
function / gastrostomy in patients with fistula and the use
of cutting food tableware, clothing and personal care,
turning over in bed and finishing bedding, stair climbing
ability, walking and breathing difficulties.

Statistical analysis
Nonparametric test method and mean value ± standard
deviationwere used to determine enumeration data and
measurement data alternatively. Kaplan Meier survival
curve with log rank test were employed to evaluate the
impact of risk allele (C), cervical muscle strength score,
body mass index on prognosis, P < 0.05 was considered
as statistically significant, multivariate analysis was per-
formed by the COX proportional hazards regression
model, all the data was analysed by SPSS19.0 software.

Results
Base line data analysis
In this study 66 patients were followed up with 7 cases
lost. Baseline characteristics were listed as below (Table 1).

The prognosis of ALS patients with and without risk allele
SNP analysis showed that there were three genotype in the
ZNF512B gene SNP (rs2275294): CC, CT and TT. CC+CT
is 39/59 (66.1%) and TT is 20/59 (33.9%). Among the 59 pa-
tients who were followed up, 30 died, 4 patients with venti-
lator occurred in 34 cases, end point events, including CC+
CT 21/34 (61.76%), TT 13/34 (38.23%). The endpoint was
considered when respiratory assistant was performed or
death of subjects. Kaplan-Meier survival curve analysis
showed that patients with risk alleles genotype (CC+CT)
had shorter survival time and higher mortality rates than
those without risk alleles and the difference was statistically
significant (log-rank, P = 0.040, Fig. 1). Post-diagnosis disease
progression (⊿FS) = (ALSFRS-R score at the time of diag-
nosis - follow-up ALSERS-R score)/diagnosis to follow-up
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time (month). The Mann-Whitney U test showed that
patients with risk alleles genotype (CC + CT) had
higher rates of disease progression than patients with-
out risk alleles genotype (TT), with statistically sig-
nificant differences (P = 0.022, Fig. 2).

The cervical flexor muscle strength score
According to the involved part of body, the cervical flexor
muscle strength score in patients with bulb(medulla) in-
volvement was markedly lower than those with limb(ex-
tremity) involvement (Kruskal-Wallis, P = 0.029) (Fig. 3).
Kaplan-Meier survival curve analysis shows the higher

the neck flexor muscle strength score, the longer the
survival time of ALS patients after diagnosis, the lower
the mortality rate. The difference was satistically signifi-
cant (log-rank test, P = 0.001 < 0.05) (Fig. 4).

There was no difference in the rate of disease progres-
sion between neck flexors of different grades. It does not
yet show that the lower the neck flex or muscle strength
score, the faster the disease progresses in ALS patient.

Body mass index
Kaplan-meier survival curve analysis showed that the lower
the basal weight, the shorter the survival time and the
higher mortality rate (P = 0.014 < 0.05). Pearson analyzed
the relationship between basal body mass index and the
rate of disease progression after diagnosis, but there was no
significant correlation between them (r2 = 0.037) (Fig. 5).
The median follow-up of patients with weight index

22.04, grouped in a median of 22.04 Kaplan-Meier, survival
curve analysis showed that BMI is less than 22.04 of the pa-
tients with BMI greater than 22.04 of the patients with
short survival time, high mortality rate (log-rank, P = 0.03).

Table 1 Baseline characteristics analysis

Characteristics Live N = 25 Death N = 34 P-value Statistic analysis method

Gender (male/female) 18/7 18/16 0.141 U-test

Age 52.08 ± 10.99 56.38 ± 8.30 0.092 T-test

Location of onset (bulb/limb) 8/17 11/23 0.977 U-test

Time from onset to diagnosis(months) 13.04 ± 10.67 15.50 ± 26.31 0.661 T-test

Riluzole treatment(yes/no) 18/7 15/19 0.035 U-test

Average ALSFRS-R score 44.32 ± 3.17 43.59 ± 2.58 0.333 T-test

Average survival time(months) 46.08 ± 24.20 49.03 ± 29.86 0.687 T-test

⊿FS 0.76 ± 1.60 0.65 ± 0.78 0.739 T-test

ventilator-assisted(yes/no) 17/8 21/13 0.212 U-test

Fig. 1 Kaplan-Meier survival curve of ALS patients with and without risk allele

Yu et al. BMC Neurology          (2018) 18:211 Page 3 of 7



There was no significant difference in the rate of disease
progression between the two groups (T-test, P = 0.188)
(Fig. 6).
The changes in body mass index were divided into three

groups: the body mass index dropped by more than 1, the
absolute value of body mass index was less than 1, and the
BMI increased by more than 1. The Kaplan-Meier survival
curve showed no significant difference in mortality be-
tween the three groups (log-rank, P = 0.087). Pearson ana-
lyzed the relationship between body mass index changes
and the rate of disease progression, but there was no cor-
relation between them (R2 = 0).

COX risk ratio regression analysis
COX risk regression analysis of factors that might affect
the prognosis of ALS showed that risk alleles (CC + CT)
had a significant impact (P = 0.020) on risk alleles (CC +
CT) and was an independent prognostic factor for ALS
(HR 2.587; 95% CI 1.161~5.765).

Discussion
The risk (C) allele of the SNP (rs2275294) in the ZNF512B
gene and prognosis of ALS
The exploration for candidate genes to predict ALS sus-
ceptibility and even its’ prognosis has been reasearch

Fig. 2 Rate of disease progression with and without risk allele

Fig. 3 Neck flexor muscle score in bulb and limb involved ALS
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focus in recent years. Till now, more than 30 reports
have proposed candidate genes as ALS susceptibility
gene [8], but there is inconsistency to some extent or
even controversy from findings of these research. In the
project of genome-wide association studies (Genome
Wide, Association Studies, GWAS), 5 susceptibility
genes (FGGY, ITPR2, DPP6, KIFAP3 and UNC13A) and
2 loci (9p21.2 and 10q26.3) have been found in white
people [9–12]. In 3 seperate studies [13, 14], the 9p21.2
locus was repeatedly noted, however, this locus was not
detected in ALS patients from China and Japan [15].

Chio and colledges reported protective effect of
UNC13A gene on ALS in Italy population by single nu-
cleotide polymorphism analysis [16], but the mechanism
of the protective effect is still uncertain.
In Asian population, Iida et al. [15] had performed

SNP analysis using Gene Bank of Japanese ALS patients.
A functional fragment SNP (rs2275294) which is located
between rs2252258 and 20q13.33 of rs816953 with a
length of 111 kb was found to be significantly associated
with ALS prognosis by gene mapping. Comparing with
the findings from the Japanese people, the study focus
on Chinese population is attracting more attention be-
cause of its much more sample. However, interestingly
the results from different centers gives out inconsistent
and even contradict conclusions [5] which imply this re-
search field is worthy of further exploration.
According to the results of our study showing ALS pa-

tients with SNP (rs2275294) containing risk allele (C)
lives shorter survival time, high mortality rate and more
rapid deterioration. The findings are similar to the previ-
ous reports from 176 Japanese patients with ALS. It can
be dedicated that the SNP (rs2275294) containing risk
allele (C) is a reliable predictor for the prognosis of ALS
at least in east Asian. What’s more, the findings should
be further verified in populations from other parts of the
world.

The cervical flexor muscle strength
Our findings showed that the higher the cervical flexor
muscle strength score, the longer the survival time of
patients with ALS. The lower neck flexor muscle
strength was more often seen in the patients with the

Fig. 4 Kaplan-Meier survival curve according to neck flexor muscle score

Fig. 5 BMI analysis according to Kaplan-Meier survival curve

Yu et al. BMC Neurology          (2018) 18:211 Page 5 of 7



onset of medulla oblongata resulting in dysphagia,dy-
sphonia and tongue muscle atrophy rather than those
with limb onset.
The relationship between carotid flexor muscle score

and prognosis in patients with ALS was firstly proposed
by Nakamura [2], in which prospective multicenter co-
hort study were performed on 401 patients, implying
that neck flexor muscle strength score is an independent
and important prognostic predicting factor in ALS com-
paring with other common risk factors. In terms of sur-
vival time, our results are consistent with Nakamura’s
findings. Interestingly, our findings showed that the bul-
bar onset patients seem to have lower neck flexor
muscle strength score. The mechanism might be due to
adjancent of neck flexors and respiratory muscles in
medullar which are part of the common innervation
resulting in joint innervation and spacing spread of de-
generation of neurons.
The amplitude of phrenic nerve action potential was

reported as an important prognostic indicator of ALS
[17], suggesting that the weakness of the flexor tendon
in the neck is related to diaphragmatic weakness which
contribute to respiratory failure to some extent [18].
However, due to its limitations to clinical practice, the
predict value of this indicator should be evaluated
further.

Body mass index
Since BMI can be determined so simply to be a useful
indicator of ALS prognosis, the relationship between
body mass index and ALS prognosis has been a hot
point in research field. Previous studies found that

people with normal BMI and low BMI were 2.48 times
more likely to develop ALS than obese ones, and that
the risk of ALS increased by 6% with BMI per unit
dropped [19–21]. Abel and Chio also drawn similar con-
clusion, and pointed out that ALS had a higher inci-
dence in professional athletes, and the decrease of BMI
might result in the shortened survival time of ALS pa-
tients [22, 23]. In addition, Jawaid3 proposed that the
foundation of BMI is the risk factor of ALS with age,
disease progression and survival time and the BMI
change is the factor predicting the progression and sur-
vival of ALS. Our findings showed that the basal BMI
should be viewed as an independent ALS prognostic
predicting factor which is consistent with previous re-
ports, suggesting that stable BMI without or with slow
loss of weight might prolong life expancy of ALS. The
underling mechanism was recently presumed due to the
metabolic states in which impaired insulin signaling
could be involved suggesting the role of insulin resist-
ance in the pathogenesis of ALS [24].

Conclusion
To sum up, owing to their easy accessibility, the risk al-
lele, cervical flexor muscle strength and BMI should be
expected to be appropriate ALS prognostic indicators to
provide reliable advice to physician and health care in
clinical practice in future. However, since the sample of
this research is relatively small, further investigation
should be carried out in large scale of population.
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Fig. 6 Analysis in Kaplan-Meier survival curve in subgroups divided by median value 22.04

Yu et al. BMC Neurology          (2018) 18:211 Page 6 of 7



FTD: Frontotemporal dementia; NIPPV: Noninvasive positive pressure
ventilation; PCR: Polymerase chain reaction; SNP: Single nucleotide
polymorphism; SNP: Single nucleotide polymorphism analysis; WHO: World
Health Organization

Acknowledgements
The research was supported by the Youth Foundation of the Heilongjiang
Province of China (QC2012C007) and by the Science and Technology
Research Project of Education Department of Heilongjiang Province of China
(12531304) and by the postdoctoral scientific research developmental fund
of Heilongjiang Province (LBH-Q15100).

Funding
The Youth Foundation of the Heilongjiang Province of China (QC2012C007)
and by the Science and Technology Research Project of Education
Department of Heilongjiang Province of China (12531304) and by the
postdoctoral scientific research developmental fund of Heilongjiang Province
(LBH-Q15100).

Availability of data and materials
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.

Authors’ contributions
CJY, Substantial contributions to the conception and design of the work, and
draft the work; and CJY, L W, SLM, Y Z, LLS, LYC, YT, the acquisition, analysis,
and interpretation of data for the work; and LW, SLM, YZ, LLS, LYC, YT,
revising it critically for important intellectual content; and CJY, LW, SLM, YZ,
LLS, LYC, YT, final approval of the version to be published; and CJY, LW, SLM,
YZ, LLS, LYC, YT, agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved.

Ethics approval and consent to participate
This study was conducted in accordance with the declaration of Helsinki.
This study was conducted with approval from the Ethics Committee of the
Second Affiliated Hospital of the Harbin Medical University. Written informed
consent was obtained from the participants. Consent for publication:
obtained from the participants.

Competing interests
All authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Neurology, the Second Affiliated Hospital of the Harbin
Medical University, Harbin 150081, China. 2Department of Geriatrics, the
Second Affiliated Hospital of the Harbin Medical University, Harbin 150081,
China. 3Department of Neurology, the Peoples’ Hospital of Hailar District,
Hailar 021000, China. 4Department of Neurology, the Chao Yang Hospital,
Liao Ning Provice 122000, China. 5Department of Neurology, the Peoples’
Liberation Army 117 Hospital of the Hangzhou, Zhe Jiang Province 310000,
China. 6Department of Neurology, the Peoples’ Hospital of Sui Hua, Hei
Longjiang Province 152000, China.

Received: 30 January 2018 Accepted: 5 December 2018

References
1. Iida A, Takahashi A, Kubo M, et al. A functional variant in ZNF512B is

associated with susceptibility to amyotrophic lateral sclerosis in Japanese.
Hum Mol Genet. 2011;20:3684–92.

2. Nakamura R, Atsuta N, Watanabe H, et al. Neck weakness is a potent
prognostic factor in sporadic amyotrophic lateral sclerosis patients. J Neurol
Neurosurg Psychiatry. 2013;84:1365–71.

3. Jawaid A, Murthy SB, Wilson AM, et al. A decrease in body mass index is
associated with faster progression of motor symptoms and shorter survival
in ALS. Amyotroph Lateral Scler. 2010;11:542–8.

4. Tetsuka S, Morita M, Iida A, Uehara R, Ikegawa S, Nakano I. ZNF512B gene is
a prognostic factor in patients with amyotrophic lateral sclerosis. J Neurol
Sci. 2013;324:163–6.

5. Ju XD, Liu T, Chen J, et al. Single-nucleotide polymorphism rs2275294 in
ZNF512B is not associated with susceptibility to amyotrophic lateral
sclerosis in a large Chinese cohort. Chin Med J. 2015;128:3305–9.

6. Hu F, Jin J, Jia R, et al. Measuring the validation of assessing the non-
dominant-hand function by ALSFRS-r in ChineseALS patients. J Clin
Neurosci. 2017;46:17–20.

7. Escuro AA. Utilizing the revised amyotrophic lateral sclerosis functional
rating scale (ALSFRS-R) as a tool in nutrition assessment of patients with
amyotrophic lateral sclerosis. J Am Diet Assoc. 2007;107:A9–114.

8. Dunckley T, Huentelman MJ, Craig DW, et al. Whole-genome analysis of
sporadic amyotrophic lateral sclerosis. N Engl J Med. 2007;357:775–88.

9. ITPR2 as a susceptibility gene in sporadic amyotrophic lateral sclerosis: a
genome-wide association study. ITPR2 as a susceptibility gene in sporadic
amyotrophic lateral sclerosis: a genome-wide association study. Lancet
Neurol 2007;6:869–877.

10. van Es MA, van Vught PW, Blauw HM, et al. Genetic variation in DPP6 is
associated with susceptibility to amyotrophic lateral sclerosis. Nat Genet.
2008;40:29–31.

11. van Es MA, Veldink JH, Saris CG, Ophoff RA, van den Berg LH, et al.
Genome-wide association study identifies 19p13.3 (UNC13A) and 9p21.2 as
susceptibility loci for sporadic amyotrophic lateral sclerosis. Nat Genet. 2009;
41:1083–7.

12. Landers JE, Melki J, Meininger V, et al. Reduced expression of the kinesin-
associated protein 3 (KIFAP3) gene increases survival in sporadic
amyotrophic lateral sclerosis. Proc Natl Acad Sci U S A. 2009;106:9004–9.

13. Laaksovirta H, Peuralinna T, Schymick JC, Heckerman D, Tienari PJ, Traynor
BJ, et al. Chromosome 9p21 in amyotrophic lateral sclerosis in Finland: a
genome-wide association study. Lancet Neurol. 2010;9:978–85.

14. Shatunov A, Mok K, Newhouse S, et al. Chromosome 9p21 in sporadic
amyotrophic lateral sclerosis in the UK and seven other countries: a
genome-wide association study. Lancet Neurol. 2010;9:986–94.

15. Iida A, Takahashi A, Deng M, et al. Replication analysis of SNPs on 9p21.2
and 19p13.3 with amyotrophic lateral sclerosis in East Asians. Neurobiol
Aging. 2011;32(757):e13–4.

16. Chiò A, Mora G, Restagno G, et al. UNC13A influences survival in Italian
amyotrophic lateral sclerosis patients: a population-based study. Neurobiol
Aging. 2013;34(357):e1–5.

17. Pinto S, Pinto A, de Carvalho M. Phrenic nerve studies predict survival in
amyotrophic lateral sclerosis. Clin Neurophysiol. 2012;123:2454–9.

18. Pinto S, de Carvalho M. Motor responses of the sternocleidomastoid muscle
in patients with amyotrophic lateral sclerosis. Muscle Nerve. 2008;38:1312–7.

19. Scarmeas N, Shih T, Stern Y, Ottman R, Rowland LP. Premorbid weight,
body mass, and varsity athletics in ALS. Neurology. 2002;59:773–5.

20. Desport JC, Torny F, Lacoste M, Preux PM, Couratier P. Hypermetabolism in
ALS: correlations with clinical and paraclinical parameters. Neurodegener
Dis. 2005;2:202–7.

21. Bouteloup C, Desport JC, Clavelou P, et al. Hypermetabolism in ALS patients:
an early and persistent phenomenon. J Neurol. 2009;256:1236–42.

22. Abel EL. Football increases the risk for Lou Gehrig's disease, amyotrophic
lateral sclerosis. Percept Mot Skills. 2007;104:1251–4.

23. Chiò A, Benzi G, Dossena M, Mutani R, Mora G. Severely increased risk of
amyotrophic lateral sclerosis among Italian professional football players.
Brain. 2005;128:472–6.

24. Rosenbohm A, Nagel G, Peter RS, et al. Association of Serum Retinol-Binding
Protein 4 concentration with risk for and prognosis of amyotrophic lateral
sclerosis. JAMA Neurol. 2018;75(5):600–7.

Yu et al. BMC Neurology          (2018) 18:211 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Subjects
	Single nucleotide polymorphism analysis
	Cervical flexor muscle strength score
	Body mass index (BMI)
	Statistical analysis

	Results
	Base line data analysis
	The prognosis of ALS patients with and without risk allele
	The cervical flexor muscle strength score
	Body mass index
	COX risk ratio regression analysis

	Discussion
	The risk (C) allele of the SNP (rs2275294) in the ZNF512B gene and prognosis of ALS
	The cervical flexor muscle strength
	Body mass index

	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

