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is TOR1A a risk factor in adult-onset 
Primary torsion dystonia?

Justus L. Groen, Katja Ritz , Michael W. Tanck, Bart P. van de Warrenburg, 
Jacobus J. van Hilten, Majid Aramideh, Frank Baas & Marina A.J. Tijssen

Mov Disord. 2013 Jun;28(6):827-31.
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abstract

To elucidate the role of TOR1A common variation in adult-onset primary torsion dystonia we gen-
otyped TOR1A single nucleotide polymorphisms rs1801968, rs2296793, rs1182 and rs3842225 
in a cohort of clinically well characterized cervical dystonia patients (n=367) and constructed hap-
lotypes. In this Dutch cervical dystonia cohort, no significant association was found with TOR1A 
variants. In addition, we systematically reviewed the published case-control TOR1A association 
studies in adult-onset primary torsion dystonia. In a meta-analysis (eight studies, 1332 adult-
onset primary dystonia patients), no variant reached overall significance. However, in a selection 
of familial cases the functional variant p.Asp216His (rs1801968) was associated with increased 
dystonia risk (odds ratio 1.43; 95%CI 1.01-2.02). Therefore, meta-analysis does not show associa-
tion with common variants in TOR1A in adult-onset primary dystonia, except for the functional 
variant rs1801968 in familial focal dystonia cases.
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introduction

The adult-onset primary torsion dystonias (AOPTD) are hypothesized to be primed 
by genetic variants and triggered by additional, non-genetic factors. Cervical Dys-
tonia (CD) is the most frequent form of AOPTD.1 Single nucleotide polymorphisms 
(SNP) in and around TOR1A and common haplotypes spanning the TOR1A region 
have been associated with different forms of AOPTD. The results of these association 
studies are contradictory.2-9 In this study we performed single SNP and haplotype 
association studies in Dutch CD patients assessing four common variants in TOR1A. 
Furthermore, to provide insight in previous TOR1A association studies, a meta-analy-
sis of TOR1A case-control association studies in AOPTD was performed.10

methods

Cervical dystonia patients
This study was approved by the Medical Ethical Committees of all contributing cen-
tres. Informed consent was obtained from all patients. Patients were included from 
the botulinum toxin clinics of 4 Dutch centres, specialized in movement disorders. 
Patients were diagnosed with primary dystonia based on accepted criteria. Secondary 
causes were excluded by patient history, examination, and additional neuroimaging 
and laboratory tests when indicated. High risk patient with positive family history or 
with an age at onset of 30 years or lower were screened for mutations in coding regions 
of THAP1 and GHC1, and the GAG mutation in TOR1A.

Association study
SNP analysis –The most common TOR1A variants rs1801968 (c.646G>C; p.Asp216His), 
rs2296793 (c.246C>T; p.Ala82Ala), rs1182 (c.*191G>T) and rs3842225 (c.*824delG) 
were genotyped in 367 CD cases and 361 matched controls using TaqMan assays 
(Applied Biosystems, Foster City, CA) and confirmed by additional sequence analy-
sis in a subset of cases. Allele and genotype association was performed using PLINK 
v1.07 (http://pngu.mgh.harvard.edu/purcell/plink/). The cutoff p-value of Hardy-
Weinberg equilibrium (HWE) was 0.01.

Haplotypes – Haplotype association analysis was performed using Haplostats 
(http://cran.r-project.org/web/packages/haplo.stats/index.html). The most frequent 
haplotype was chosen as reference category and rare haplotypes (frequency < 0.005) 
were pooled into a single category.

Meta-analysis
We performed a meta-analysis of case-control studies that assessed polymorphisms 
in TOR1A and provided genotype frequencies. PubMed and EMBASE were searched 
for studies published up to Oct 1, 2011 by use of the terms “TOR1A, DYT1 or TorsinA”, 
“focal dystonia” or “idiopathic dystonia” and “genetic risk, association study or poly-
morphisms”. One additional publication5 was included by search of references listed.
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SNP analysis – We recalculated unadjusted odds ratios (OR) from available geno-
type data assuming an autosomal dominant model. Deviation from HWE in controls 
was tested. The meta-analysis was performed with Mantel-Haenszel fixed effects 
models or DerSimonian and Laird random-effects models if the results between stud-
ies were too heterogeneous (Q test for homogeneity p<0.05). ORs and 95% CIs for 
individual studies and meta-analyses per SNP are presented (Figure 1A).

Haplotype analysis – Haplotypes and frequencies were collected from included 
papers and summarized. (Figure 1B) Haplotype numbering was based on frequencies 
in previous studies.3;4;6 Not all included studies used the same markers to construct 
haplotypes. TOR1A SNPs rs13283584 and rs11787741 are not tested in the majority 
of the studies. Presented haplotypes were based on the SNPs rs3842225 – rs1182 – 
rs1801968 – rs2296793.

results

Patients
A group of 367 CD patients (68.1% female) was studied with a mean age at examina-
tion of 59.0 years (± 12.6) and mean age at onset of 41.6 (± 13.8) (14.6% age at onset <26y, 
all screened for DYT1, 5 and 6). Spread to adjacent body parts was reported in 13.1%. 
A positive family history (defined as one or more first or second-degree family mem-
bers with dystonia) was reported in 27.4%. Patient with two or more family members 
with dystonia were considered (n=9) to have a familial dystonia syndrome and were 
excluded from this study. The control group comprised 361 healthy Dutch volunteers 
from the Dutch Blood Bank (63.6% females, mean age 52.7 years (± 11.7)).

Association study in Dutch CD patients
SNP analysis – TOR1A SNPs rs1801968, rs2296793, rs1182 and rs3842225 were geno-
typed. Genotype distributions in controls were in HWE. No significant SNP asso-
ciation was found.(Table 1) Sub-analysis of patients with a positive family history did 
not show any significant effect.

Haplotypes – Six haplotypes were detected, with 3 haplotypes (H1, H2, H3) accounting 
for 99.6% and 99.4% of all variation in controls and CD cohort, respectively. H4 and 
H5 are not seen in the Dutch cohort. None of the haplotypes showed an association 
(global test p= 0.743).(Table 2) To test the effect of the minor allele 216H on expression 
of dystonia, we tested for cosegregation in 7 of the 9 focal dystonia families (DYT1, 6 
and 11 negative families, total number of samples 27 affected and 16 unaffected fam-
ily members) The 216H variant was present in 2 families but did not cosegregate with 
disease, nor did the 216H minor allele seem to lower the risk on dystonia. However, 
groups are very small.
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Table 1. results of association study in dutch cd cohort for 4 snPs in TOR1A. 
Genotype counts are given with p-value, using a genotype genetic model 
(2 df), minor allele frequencies (MAF) are shown with p-value (1 df) and 
their odds ratios (OR) with 95% confidence interval. Taq Man call rates 
were high, with in controls and cases for rs3842225 a rate of 0.94 and 
0.95 respectively, for rs1182 0.93 and 0.94, for rs1801968 0.93 and 0.94 
and rs2296793 0.93 and 0.94. Five or more samples of all genotypes were 
sequenced using sanger sequencing for all SNPs (forward and reverse).
CD = cervical dystonia; FA+ = positive family history for dystonia; no FA = no 
family history reported; wt = wildtype; mt = mutant/minor allele.

TOR1A variant wt/wt wt/mt mt/mt p (geno) MAF p (allele) OR (allele) 95%CI
rs3842225 controls 231 119 11  0.195    
 CD (all) 226 122 15 0.739 0.209 0.575 1.076 0.864 - 1.390
 CD (FA+) 62 33 4 0.878 0.207 0.712 1.076 0.728 - 1.589
 CD (no FA) 164 89 11 0.722 0.210 0.516 1.097 0.830 - 1.449
rs1182 controls 225 122 11  0.201    
 CD (all) 225 120 16 0.628 0.210 0.659 1.059 0.820 - 1.368
 CD (FA+) 62 33 4 0.867 0.207 0.927 1.019 0.687 - 1.508
 CD (no FA) 163 87 12 0.606 0.211 0.597 1.078 0.816 - 1.423
rs1801968 controls 267 84 9  0.141    
 CD (all) 262 91 11 0.777 0.155 0.468 1.113 0.833 - 1.487
 CD (FA+) 71 27 2 0.732 0.155 0.635 1.111 0.718 - 1.719
 CD (no FA) 191 64 9 0.860 0.155 0.588 1.092 0.795 - 1.499
rs2296793 controls 211 131 15  0.225    
 CD (all) 213 129 19 0.789 0.231 0.793 1.034 0.807 - 1.322
 CD (FA+) 57 37 6 0.732 0.245 0.635 1.111 0.772 - 1.608
 CD (no FA) 156 92 13 0.860 0.226 0.588 1.092 0.765 - 1.314

Table 2 . haplotype frequencies in dutch cd patients and controls and their odds 
ratio with 95% confidence interval (global test p = 0.743 ). Haplotype 1 is 
separated in 2 subgroups, based on the relatively independent functional 
SNP rs1801968. RARE = represents the rare haplotypes, together 
responsible for less than 1% of the haplotype variation.

rs3842225 rs1182 rs1801968 rs2296793 Cases Controls Haplotype p* OR 95% CI
G G G C 0.609 0.634 H1_a REF - -
G G C C 0.156 0.140 H1_b 0.623 1.077 0.800 - 1.451
D T G T 0.204 0.195 H2 0.676 1.060 0.807 - 1.392
G G G T 0.025 0.027 H3 0.795 0.916 0.474 - 1.770
G T G C 0.003 0.002 RARE

0.350 2.086 0.447 - 9.737G T C C NA 0.001 RARE
D G G C 0.003 NA RARE
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Review and meta-analysis
We retrieved eight association studies on genetic variants in TOR1A and risk of 
AOPTD (Figure 1A). One study9 was excluded from meta-analysis as only allele fre-
quencies were available. The total number of AOPTD patients was 1332, 1737 controls 
were included. No significant deviation from Hardy-Weinberg equilibrium (HWE) 
was detected. Differences in phenotypes between the cohorts were noted: assessing 
cohorts with mixed phenotypes2-4;8 or including more severe dystonia forms.5 The 
frequency of a positive family history varied from 9.5%4 to 33%8, but was not always 
mentioned.2;3;6;7 Controls with similar genetic background were used in all studies. 
One study5 was performed in non-Caucasians. Overall, no significant association 
was found for rs3842225, rs1182 or rs2296793. The functional SNP rs1801968 was also 
assessed in subgroups with a positive family history in two studies, with borderline 
significant odds ratio of 1.43 (95%CI 1.01-2.02). (see figure 1A)

Haplotypes in TOR1A (Figure 1B) – Three studies found a global haplotype associa-
tion: (1) Haplotype 2 increased risk in an Iceland population3, but (2) this haplotype 
had a protective effect in a cohort from Southern Germany and Austria.4 In an Ital-
ian population (3) association is largely driven by haplotypes with lower frequencies 
(haplotypes H3, H4 and H5, together 9,8% of all chromosomes in controls).6

Figure 1. review of studies in tor1a genetic common variation in focal dystonia. 
(a) Meta-analysis of SNP case-control association studies. Calculated odds 
ratios (OR) for the probability of being a carrier of one or two minor alleles 
(=event) with the corresponding 95% CI are shown. The size of the square 
represents the weight that the corresponding study exerts in the meta-
analysis. The confidence intervals (CI) of pooled estimates are displayed 
as a horizontal line through the diamonds. Meta-analysis is performed 
using a random effects (random) OR or fixed effect (fixed) OR, based on 
heterogeneity. The horizontal axis is plotted on a log scale. (b) Summary 
of haplotype frequencies found in 7 cohorts comparing AOPTD and 
controls. Minor alleles are shown in grey. SNPs rs1801968, rs13283584 
and rs11787741 are represented in lower case typesetting, because these 
SNPs do not determine the haplotype. rs1801968 is not in high LD with 
other SNPs (D’ lower than 0.8), and rs13283584 and rs11787741 are only 
genotyped in few studies. Haplotype families are numbered following 
their frequencies in general population. Presented haplotypes are based 
on the SNPs rs3842225 - rs1182 - rs1801968 - rs2296793. Haplotype H1 
is formed by alleles G – G – n – C, respectively (where ‘n’ rs1801968 is 
not defining the haplotype Haplotype 1 was divided in H1a and H1b based 
on this ‘independent’ rs1801968 allele. H2 is determined by del - T – n 
–T. Haplotype 3 is based on alleles G – G – n –T. Several studies found 
significant association: *risk reduction: authors report a significant 
protective effect for haplotype 2 (H2) (p = .0005, Chi2 test, 1 df); ** risk 
increase: in Iceland population, H2 is associated with increases risk on 
AOPTD (global p-value = .005), in ***Italian blepharospasm association 
study H3, H4 and H5 increase risk (global p-value = .001). Allele calls from 
NM_00113.2. R = remaining haplotypes; - = not tested.
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Groen Netherlands 0.608 0.606  - G G  - g C
H1_aKamm 2006* Germany 0.62 0.58 c G G t g C

Sibbing 2003 Germany 0.69 0.625  -  -  -  - g C
Groen Netherlands 0.14 0.155  - G G  - c C

H1_bKamm 2006* Germany 0.12 0.12 c G G t c C
Sibbing 2003 Germany 0.115 0.12  -  -  -  - c C
Clarimon 2007 Italy 0.656 0.665  - G G  -  - C

H1_a/b
Clarimon 2007 US 0.747 0.762  - G G  -  - C
Clarimon 2005** Iceland 0.81 0.7  - G G  -  - C
Hague 2006 Germany 0.788 0.78  - G G  -  - C
Groen Netherlands 0.195 0.203  - del T  - g T

H2_a
Kamm 2006* Germany 0.19 0.12 t del T c g T
Clarimon 2007 Italy 0.245 0.23  - del T  -  - T

H2_b
Clarimon 2007 US 0.216 0.182  - del T  -  - T
Clarimon 2005** Iceland 0.15 0.23  - del T  -  - T
Hague 2006 Germany 0.17 0.17  - del T  -  - T
Sibbing 2003 Germany 0.18 0.255  -  -  -  - g T H2+H3
Groen Netherlands 0.027 0.024  - G G  - g T

H3Clarimon 2007*** Italy 0.084 0.032  - G G  -  - T
Clarimon 2007 US 0.031 0.035  - G G  -  - T
Clarimon 2007*** Italy 0.002 0.018  - G T  -  - C

H4
Clarimon 2007 US 0.002 0.  - G T  -  - C
Clarimon 2007*** Italy 0.012 0.048  - del G  -  - T

H5
Clarimon 2007 US 0. 0.006  - del G  -  - T
Sibbing 2003 Germany 0.015 0.  -  -  -  - c T

 
 
 

R
 
 
 

Groen Netherlands 0.001 0.002  - R R  - r R
Kamm 2006* Germany 0.07 0.18  - R R  - r R
Clarimon 2007** Italy 0.001 0.007  - R R  -  - R
Clarimon 2007 US 0.004 0.015  - R R  -  - R
Clarimon 2005** Iceland 0.04 0.07  - R R  -  - R
Hague 2006 Germany 0.041 0.05  - R R  -  - R
           
global p-value        
Groen Netherlands 0.602        
Kamm 2006* Germany 0.213        
Clarimon 2007*** Italy 0.001        
Clarimon 2007 US 0.334        
Clarimon 2005** Iceland 0.005        
Hague 2006 Germany 0.202        
Sibbing 2003 Germany 0.087        

b
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discussion

We did not find significant association of four SNPs in the TOR1A gene in Dutch CD 
patients. Meta-analysis showed no overall association of common variants in TOR1A 
with AOPTD. Sub-analysis of familial AOPTD and the non-synonymous variant 
rs1801968 gave a small but significant odds ratio.

The lack of replication in performed association studies may be explained by ethnic 
genetic differences and clinical variety in between the AOPTD populations, false 
positive findings because of small sample sizes in previous studies12 and/or a complex 
interplay between risk variants in TOR1A and associated pathways. For instance, the 
TOR1A 3’UTR rs1182 (GG/GT/TT) was previously associated with increased risk in 
Iceland3, but showed a protective effect in a German cohort.4 A significant overrep-
resentation of the homozygous minor allele (TT) (12/125 patients vs 3/131 controls; 
p = 0.041) was noted in an Italian blepharospasm population.6 Also, patients car-
rying the minor T allele were more likely to have dystonia spread as compared with 
the homozygous GG carriers. This effect was confirmed in an US cohort.13 Two other 
studies focussing on 3’UTR SNPs 4;9 showed a strong protective effect of this allele. 
Sharma et al. stratified their population based on family history, and found a stronger 
association in cases with a negative family history of dystonia and in a CD subgroup. 
Two other studies did not find any association with these TOR1A SNPs in Western 
Europe population,2;7 possibly indicating a population specific effect. These SNPs did 
not hold significance in the meta-analysis.

In our meta-analysis, the functional SNP rs1801968 (Asp216His, D216H) gave a small 
but significant OR if studied in familial AOPTD cases. This was based on the com-
bined cohorts of present study and Bruggemann et al.8, a total of 210 AOPTD patients 
with positive family history. Interestingly, the associated minor risk allele was previ-
ously found to be protective for expression of DYT1 dystonia when present in trans 
of the GAG deletion (the DYT1 ‘delta E mutation’), in both American and European 
families.14;15 In functional studies, cells expressing TorsinA 216His variant show sim-
ilar subcellular inclusion bodies as found in GAGdel carriers. However, a reduction 
in inclusion body formation was seen when both the delta E variant and the D216H 
allele are co-expressed.16 This paradoxal relationship might be caused by an allelic 
imbalance or incompatibility, leading to malfunctional TorsinA and formation of 
cytoplasmic inclusion bodies. Effects of the 216H are however smaller than the result 
of the DYT1 delta E variant. Further functional studies are needed to elucidate this 
interesting relation.

We identified 3 common haplotypes in TOR1A (Figure 1B) with haplotype 1 (H1) 
accounting for approximately 75% of the variability, H2 for ~20% and H3 for ~2.5% and 
a residual group of rare haplotypes. H1 is divided in two groups (H1a and H1b) because 
rs1801968 was included in haplotype analysis in some studies. Haplotype 2 shows a 
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protective effect in one study4, but increases risk on dystonia in another study.3 In our 
cohort no association was found.

Is TOR1A a risk factor in AOPTD? Our study suggests at best a small effect in some 
AOPTD patient subgroups of common variants in TOR1A; the functional SNP 
rs1801968 showed association in familial cases only. This meta-analysis is limited 
by the heterogeneity of included studies, ranging from focal to segmental dystonia 
and spanning different genetic populations. Additional sequence studies in TOR1A, 
assessing structure of haplotypes, copy number variations (CNVs) and rare variants 
in carefully characterised AOPTD groups will clarify the role of TOR1A variation in 
non-DYT1 primary dystonia.

acknoWledGements

We are grateful to all participants included in this study. This study was supported by 
the Prinses Beatrix Fund.

Groen.indd   120 11-2-2014   13:38:23



1213.1  Is TOR1A a risk factor in adult-onset primary torsion dystonia?

references

(1)  Butler AG, Duffey PO, Hawthorne MR, 
Barnes MP. An epidemiologic survey of 
dystonia within the entire population 
of northeast England over the past nine 
years. Adv Neurol 2004;94:95-99.

(2)  Sibbing D, Asmus F, Konig IR et al. 
Candidate gene studies in focal dystonia. 
Neurology 2003;61:1097-1101.

(3)  Clarimon J, Asgeirsson H, Singleton A 
et al. Torsin A haplotype predisposes 
to idiopathic dystonia. Ann Neurol 
2005;57:765-767.

(4)  Kamm C, Asmus F, Mueller J et al. Strong 
genetic evidence for association of 
TOR1A/TOR1B with idiopathic dystonia. 
Neurology 2006;67:1857-1859.

(5)  Naiya T, Biswas A, Neogi R et al. Clinical 
characterization and evaluation of DYT1 
gene in Indian primary dystonia patients. 
Acta Neurol Scand 2006;114:210-215.

(6)  Clarimon J, Brancati F, Peckham E et al. 
Assessing the role of DRD5 and DYT1 
in two different case-control series with 
primary blepharospasm. Mov Disord 
2007;22:162-166.

(7)  Hague S, Klaffke S, Clarimon J et al. Lack 
of association with TorsinA haplotype in 
German patients with sporadic dystonia. 
Neurology 2006;66:951-952.

(8)  Bruggemann N, Kock N, Lohmann K et 
al. The D216H variant in the DYT1 gene: 
a susceptibility factor for dystonia in 
familial cases? Neurology 2009;72:1441-
1443.

(9)  Sharma N, Franco RA, Jr., Kuster JK et al. 
Genetic evidence for an association of 
the TOR1A locus with segmental/focal 
dystonia. Mov Disord 2010;25:2183-2187.

(10)  Munafo MR, Flint J. Meta-analysis of 
genetic association studies. Trends Genet 
2004;20:439-444.

(11)  Groen JL, Kallen MC, van de Warrenburg 
BP et al. Phenotypes and genetic 
architecture of focal primary torsion 
dystonia. J Neurol Neurosurg Psychiatr y 
2012.

(12)  Ioannidis JP, Trikalinos TA, Ntzani EE, 
Contopoulos-Ioannidis DG. Genetic 
associations in large versus small 
studies: an empirical assessment. Lancet 
2003;361:567-571.

(13)  Defazio G, Matarin M, Peckham EL et al. 
The TOR1A polymorphism rs1182 and the 
risk of spread in primary blepharospasm. 
Mov Disord 2009;24:610-614.

(14)  Kamm C, Fischer H, Garavaglia B et 
al. Susceptibility to DYT1 dystonia 
in European patients is modified by 
the D216H polymorphism. Neurology 
2008;70:2261-2262.

(15)  Risch NJ, Bressman SB, Senthil G, Ozelius 
LJ. Intragenic Cis and Trans modification 
of genetic susceptibility in DYT1 torsion 
dystonia. Am J Hum Genet 2007;80:1188-
1193.

(16)  Kock N, Naismith TV, Boston HE et 
al. Effects of genetic variations in the 
dystonia protein torsinA: identification 
of polymorphism at residue 216 as protein 
modifier. Hum Mol Genet 2006;15:1355-
1364.

Groen.indd   121 11-2-2014   13:38:23




