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Abstract 14 

Background 15 

Myotonic dystrophy type 1 (DM1) is an autosomal dominant multisystem disorder caused by 16 

expansion of a CTG trinucleotide repeat in the 3′ untranslated region of the DMPK gene. Several 17 

studies have reported increased cancer incidence in individuals with DM1, but estimates have 18 

varied and a previous meta-analysis was limited by studies with small sample sizes. We 19 

performed an updated systematic review and meta-analysis to quantify overall and site-specific 20 

cancer risk in DM1. 21 

Methods 22 
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MEDLINE, Embase and Web of Science were searched from database inception to 6 January 23 

2026. Studies reporting cancer incidence in individuals with DM1 were included. Standardised 24 

incidence ratios (SIRs) were pooled using random-effects meta-analysis. Hazard ratios and 25 

relative risks reported by studies using alternative comparator populations were summarised 26 

descriptively. Heterogeneity was assessed using I², Cochran's Q, tau-squared and 95% 27 

prediction intervals. 28 

Results 29 

Eleven studies met inclusion criteria. Five studies comprising 7,443 individuals with DM1 30 

contributed data to the primary meta-analysis. The pooled Standardised Incidence Ratio (SIR) 31 

for all cancers was 1.74 (95% CI 1.51-2.00; I²=40.6%). Site-specific analyses demonstrated 32 

significant increases in risk for ovarian cancer (SIR 8.08, 95% CI 3.92-16.67), uterine cancer (SIR 33 

7.15, 95% CI 4.72-10.83), brain cancer (SIR 6.68, 95% CI 4.06-11.01), thyroid cancer (SIR 5.45, 34 

95% CI 2.14-13.91), pancreatic cancer (SIR 3.69, 95% CI 2.02-6.75), liver cancer (SIR 2.97, 95% 35 

CI 1.89-4.68), lymphoma (SIR 2.20, 95% CI 1.17-4.15), melanoma (SIR 1.92, 95% CI 1.10-3.36) 36 

and colorectal cancer (SIR 1.92, 95% CI 1.41-2.60). Breast and lung cancer were not 37 

significantly elevated. Heterogeneity was low for most site-specific analyses. 38 

Conclusions 39 

Individuals with DM1 experience a significantly increased incidence of cancer. Cancer risk is 40 

not uniformly elevated across tissues, with marked increases observed for selected 41 

malignancies and little evidence of excess risk for others. These findings support enhanced 42 

awareness of cancer susceptibility in DM1 and suggest that DM1 may provide a useful model 43 

for investigating relationships between somatic repeat instability and carcinogenesis. 44 

 45 
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 48 

Background 49 

Myotonic dystrophy type 1 (DM1) is an autosomal dominant, multisystem disorder caused by 50 

expansion of a CTG trinucleotide repeat within the 3′ untranslated region of the DMPK gene 51 

(Brook et al. 1992; Mahadevan et al. 1992). Disease manifestations involve multiple organ 52 

systems including skeletal muscle, cardiac muscle, smooth muscle, brain and endocrine 53 

tissues  (Wenninger, Montagnese, and Schoser 2018; Turner and Hilton-Jones 2010). 54 

Manifestations are believed to be due to the toxic effects of massively expanded trinucleotide 55 

repeat-containing RNA transcripts which are trapped in the nuclei. These sequester 56 

transcription factors like MBNL1, resulting in widespread dysregulation of RNA processing and 57 

splicing (Ho et al. 2004). A distinctive feature of DM1 is progressive somatic instability of the 58 

pathogenic repeat  (Morales et al. 2023; Morales et al. 2020), leading to marked tissue-specific 59 

mosaicism and substantial variation in average repeat length between cells and tissues. 60 

Interest in malignancy risk in DM1 arose initially from observations of an increased prevalence 61 

of pilomatricomas, rare hair follicle tumours that are also encountered in inherited cancer 62 

predisposition syndromes (Chiaramonti and Gilgor 1978; Mesa-Álvarez et al. 2019; Ciriacks, 63 

Knabel, and Waite 2020; Saponaro et al. 2025). Subsequent population-based studies 64 

demonstrated an increased incidence of cancer in individuals with DM1, with Gadalla and 65 

colleagues reporting a two-fold increase in overall cancer risk in Swedish and Danish cohorts 66 

(Gadalla et al. 2011). Since then, several studies have reported elevated risks for specific 67 

malignancies including endometrial, ovarian, thyroid and colorectal cancers, although results 68 

have varied between studies and individual analyses have often been limited by small sample 69 
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sizes (Emparanza et al. 2018; Maya-González et al. 2024; Seo and Park 2024; Alsaggaf et al. 70 

2025). 71 

An earlier meta-analysis by Emparanza et al. incorporated five studies and demonstrated 72 

increased risks for several site-specific malignancies (Emparanza et al. 2018). Since that 73 

publication, additional population-based studies have substantially increased the number of 74 

individuals with DM1 available for analysis. We therefore performed an updated systematic 75 

review and meta-analysis to quantify overall and site-specific cancer risk in DM1 and to better 76 

characterise the pattern of malignancy associated with the disease. 77 

 78 

Main text 79 

Methods: 80 

A systematic search of Medline, Embase and Web of Science was conducted. The search was 81 

conducted from database inception to 6th January 2026 to identify all published research on 82 

Cancer risk in patients with Myotonic Dystrophy compared to the general population. The 83 

search strategy is included in Supplementary materials (Supplement A). Search results were 84 

imported into Covidence systematic review software (Veritas Health Innovation, Melbourne, 85 

Australia) for study screening and management. 86 

Eligible studies were primary research investigations reporting cancer incidence, or cancer risk 87 

in individuals with myotonic dystrophy type 1 (DM1) or type 2 (DM2). Quantitative synthesis was 88 

limited to DM1 because insufficient data were available for DM2. Animal studies, meta-89 

analyses, conference proceedings without data, studies without comparator to cancer risk in 90 

healthy population and studies not examining cancer risk in myotonic dystrophy patients were 91 

excluded. All abstracts were reviewed by the primary reviewer (KMcC) and an additional 92 

reviewer. All studies identified for full text review were obtained and reviewed. Any 93 
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discrepancies between reviewer decisions were discussed and outcome agreed. The process is 94 

summarised in the PRISMA diagram (Figure 1). 95 

Most studies reported cancer risk estimates as standardised incidence ratios (SIRs) compared 96 

to the general population. All eligible studies reporting SIRs were included in the quantitative 97 

synthesis. 98 

Some studies reported cancer risk estimates as hazard ratios or relative risks compared to a 99 

control population. Although pooling of HR and RR estimates was considered, these studies 100 

were not synthesised quantitatively. Several reports were derived from potentially overlapping 101 

underlying cohorts, particularly within the Scandinavian registry literature. Notably, a 102 

substantial proportion of HR/RR cancer outcomes arose from cohorts that overlapped with 103 

studies contributing to the SIR synthesis. A separate pooled HR/RR analysis could therefore 104 

have created the impression of an independent sensitivity analysis despite reliance on some of 105 

the same underlying populations. We therefore elected to present HR/RR estimates 106 

descriptively, allowing comparison of direction and magnitude of effect without generating a 107 

potentially misleading summary statistic. In the supplement section we have included tables 108 

with reported hazard ratios and relative risk alongside the forest plots of the SIR meta-analyses 109 

for comparison (Supplementary Figures A-U).  110 

When multiple studies reported SIRs, pooled estimates were calculated using random-effects 111 

meta-analysis on the logarithmic scale. Random-effects meta-analyses were performed using 112 

restricted maximum likelihood estimation. Statistical heterogeneity was assessed using 113 

Cochran's Q, I² and tau² statistics. Where appropriate, 95% prediction intervals were calculated 114 

to estimate the range of effects expected in future populations. 115 

Statistical analyses were conducted in RStudio (Posit Software, Boston, MA, USA) using R (R 116 

Foundation for Statistical Computing, Vienna, Austria). Random-effects meta-analyses were 117 
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performed using the Metafor package. Forest plots were generated in R and exported as 600 dpi 118 

TIFF images for publication. 119 

Risk of bias was assessed using the Newcastle-Ottawa Scale for cohort studies. Individual 120 

study assessments are presented in Supplementary Table S1.  121 

Given the rarity of DM1, potential overlap between study populations was specifically assessed 122 

(Supplementary Table S2). Overlap was identified between the Scandinavian registry studies of 123 

Gadalla et al. and Maya-González et al. Only Gadalla et al. was retained for meta-analysis: it 124 

represented the larger cohort, reported SIRs, and formed the basis of subsequent investigations 125 

of cancer risk in DM1. Maya-González et al. hazard ratios are reported in the supplementary 126 

data: the reader should note the overlap with Gadalla. Cohort overlap was also identified 127 

between Alsagaf et al. and Wang et al., as both identified DM1 patients using the UK CPRD 128 

database. Neither study contributed to the meta-analysis because both reported hazard ratios 129 

rather than SIRs. In addition, Wang et al. examined skin cancers only. To avoid potential patient 130 

duplication, the melanoma hazard ratio reported by Wang et al. was retained for narrative 131 

synthesis and Alsaggaf et al. was excluded. 132 

Results: 133 

Literature Search and Study Characteristics. 134 

The literature search identified 11 studies suitable for inclusion in the systematic review: Table 1  135 

(Abbott, Johnson, and Cannon-Albright 2016; Alsaggaf et al. 2025; Fernández-Torrón et al. 2016; 136 

Gadalla et al. 2011; Hameed et al. 2025; Maya-González et al. 2024; Seo and Park 2024; Wang 137 

et al. 2018; Win et al. 2012; Zhang et al. 2025; Mohamed, Pruna, and Kaminsky 2013). Most 138 

studies were population-based cohort studies that identified individuals with DM1 through 139 

specialist clinic databases or national patient registries and subsequently linked these cohorts 140 
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to regional or national cancer registries. Study characteristics, quality assessment and reported 141 

effect estimates are summarised in Table 1 and Supplementary Table S3. 142 

Risk of bias. 143 

Individual study assessments are presented in Supplementary Table S1. Most included studies 144 

were population-based registry studies with robust ascertainment of both DM1 and cancer 145 

outcomes and were therefore considered at low overall risk of bias. However, adjustment for 146 

potential confounding factors was limited. Most studies adjusted only for age and sex, with no 147 

consideration of socioeconomic status, educational attainment, health behaviours, healthcare 148 

access, or disability-related factors. As DM1 is associated with cognitive impairment, 149 

educational disadvantage and functional disability, residual confounding cannot be excluded. 150 

 151 

Meta-analysis: all cancer. 152 

Five studies comprising 7,443 individuals with DM1 reported standardised incidence ratios 153 

(SIRs) for all cancers and were included in the primary meta-analysis. The pooled SIR for all 154 

cancers was 1.74 (95% CI 1.51-2.00; I²=40.6%), indicating a significantly increased incidence of 155 

cancer in individuals with DM1 (Figure 2). The corresponding prediction interval was 1.36-2.22. 156 

 157 

Meta-analysis: individual sites. 158 

Individual site-specific meta-analyses included between two and five studies depending on 159 

cancer type. Meta-analysis of site-specific cancers demonstrated substantial variation in 160 

cancer risk across tissues (Figure 3). The highest pooled SIRs were observed for ovarian cancer 161 

(Figures 4a: SIR 8.08, 95% CI 3.92-16.67), uterine cancer (Figure 4b: SIR 7.15, 95% CI 4.72-162 

10.83), brain cancer (Figure 4c: SIR 6.68, 95% CI 4.06-11.01) and thyroid cancer (Figures 4d: SIR 163 

5.45, 95% CI 2.14-13.91). Significant elevations were also observed for testicular, pharyngeal, 164 
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pancreatic, cervical, liver, lymphoma, melanoma and colon/colorectal cancers (Figure 2, 165 

supplementary figures a-z). In contrast, pooled estimates for breast and lung cancer were not 166 

significantly elevated (Figure 4e&f: Supplementary Figures A-U). Supplementary Figure S4 167 

summarises sites represented in single studies or with categories that were not incorporated 168 

into the numerical synthesis. 169 

 170 

Hazard Ratios. 171 

In addition to studies reporting SIRs, five studies reported hazard ratios, and one study reported 172 

relative risks. Although these outcomes were not pooled because of differences in study design, 173 

comparator populations and effect measures, their findings were broadly consistent with the 174 

SIR analyses. Most demonstrated increased overall cancer risk in individuals with DM1 and 175 

reported elevated risks for several site-specific malignancies. These results are presented with 176 

the corresponding Forest plots in Supplementary Figures A-U. 177 

 178 

Heterogeneity. 179 

Heterogeneity was generally low, with I²=0% for most site-specific analyses (Figure 2, 180 

supplementary figures a-z). Substantial heterogeneity was observed for thyroid cancer 181 

(I²=83.4%), prostate cancer (I²=82.5%) and stomach cancer (I²=74.5%). Prediction intervals 182 

were correspondingly broad for these outcomes. 183 

Individual forest plots for all site-specific SIR meta-analyses together with reported hazard 184 

ratios and relative risks from non-pooled studies are provided in the Supplementary Materials 185 

(Supplementary Figures A-U). 186 
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Overall, the pattern of malignancy was non-uniform, with marked elevations in risk observed for 187 

selected cancers while other cancer types demonstrated little or no increase above population 188 

expectations. 189 

 190 

Conclusions. 191 

In this updated systematic review and meta-analysis, we found a significantly increased overall 192 

incidence of cancer in individuals with DM1, with a pooled SIR of 1.74. Several site-specific 193 

cancers demonstrated particularly marked elevations in risk, including ovarian, uterine, brain 194 

and thyroid cancers. In contrast, other common malignancies such as breast and lung cancer 195 

showed little evidence of increased incidence. The pattern of cancer risk was therefore non-196 

uniform, suggesting that susceptibility in DM1 is not adequately explained by a generalised 197 

increase in malignancy risk but may instead reflect tissue-specific biological effects. 198 

 Cancer is the third most common cause of death in myotonic dystrophy, despite reduced life 199 

expectancy due to respiratory and cardiac complications (Mathieu et al. 1999). These findings 200 

further support the need for awareness of site-specific cancer risks in DM1. 201 

Our findings are broadly consistent with those of Emparanza et al., while substantially 202 

extending the available evidence base through the inclusion of more recent population-based 203 

studies (Emparanza et al. 2018). The increased number of patients available for analysis has 204 

improved precision for a number of site-specific estimates and allowed a more comprehensive 205 

assessment of heterogeneity and prediction intervals. Importantly, several associations 206 

reported previously remained robust despite the inclusion of additional cohorts, supporting the 207 

reproducibility of the observed pattern of cancer risk. 208 

The association between DM1 and cancer is biologically intriguing because it extends beyond a 209 

simple epidemiological observation. DM1 is not simply a Mendelian disorder but also one of the 210 
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best characterised human diseases of progressive somatic genetic mosaicism. The pathogenic 211 

CTG repeat is highly unstable and continues to expand throughout life, generating marked 212 

variation in repeat length among tissues and between cells within the same tissue (Morales et 213 

al. 2023). In addition, studies examining DM1-associated tumours have demonstrated further 214 

expansion of CTG repeats within neoplastic tissue compared with adjacent non-neoplastic 215 

tissue (Bañuls et al. 2004; Kinoshita et al. 1997; Kinoshita et al. 2002). 216 

The marked variation in cancer risk observed between tissues is notable. If increased cancer 217 

incidence resulted solely from ascertainment bias, reduced physical activity, healthcare 218 

utilisation or other non-specific consequences of chronic illness, a more uniform increase 219 

across malignancies might be expected and increased risk should be overserved in other late 220 

onset inherited myopathies (Bianchi et al., 2016; D'Ambrosio et al., 2023; D'Ambrosio 2023). 221 

Instead, the highest risks were observed in a restricted subset of tissues. While the 222 

mechanisms underlying this distribution remain uncertain, it is tempting to speculate that 223 

tissue-specific differences in repeat instability, DNA repair, transcriptional activity or RNA 224 

toxicity may contribute to the observed pattern.  225 

 226 

 227 

Limitations 228 

Several limitations should be acknowledged. The number of studies available for some site-229 

specific cancers remained small, resulting in wide confidence intervals. Although overall study 230 

quality was high, most studies adjusted only for age and sex, and residual confounding cannot 231 

be excluded. In particular, few studies adjusted for socioeconomic status, educational 232 

attainment, health behaviours or disability-related factors, all of which may differ between 233 

individuals with DM1 and the general population. Potential cohort overlap was identified 234 
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between Scandinavian registry studies and addressed through exclusion of overlapping 235 

datasets from quantitative synthesis. In addition, not all studies clearly distinguished between 236 

DM1 and DM2. This is of particular relevance in Northern European populations, where DM2 237 

may approach the prevalence of DM1. Although the majority of included cases are likely to 238 

represent DM1, inclusion of a small proportion of individuals with DM2 cannot be excluded and 239 

may have influenced risk estimates. Finally, observational studies are unable to determine 240 

whether repeat expansion itself is causally related to carcinogenesis or merely associated with 241 

other biological processes that influence cancer risk. 242 

 243 

List of abbreviations 244 

CI – Confidence Interval 245 

CPRD – Clinical Practice Research Datalink 246 

CTG – Cytosine-Thymine-Guanine (trinucleotide repeat) 247 

DM1 – Myotonic Dystrophy Type 1 248 

DM2 – Myotonic Dystrophy Type 2 249 

DMPK – Dystrophia Myotonica Protein Kinase 250 

HR – Hazard Ratio 251 

I² – I-squared statistic 252 

MBNL1 – Muscleblind-like Splicing Regulator 1 253 

PI – Prediction Interval 254 

PRISMA – Preferred Reporting Items for Systematic Reviews and Meta-Analyses 255 

Q – Cochran's Q statistic 256 
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REML – Restricted Maximum Likelihood 257 

RNA – Ribonucleic Acid 258 

RR – Relative Risk 259 

SIR – Standardised Incidence Ratio 260 

τ² (Tau²) – Between-study Variance 261 
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Table 1: Summary of Studies Included in Systematic Review 384 

First 

Author 
Year PMID Country Data Source Study design 

Total 

Number of 

DM 

patients 

(Number 

DM1 

Patients 

included)  

Person-

Years 

Cancer 

Cases 

(n) 

Effect 

Measure 
Analysis 

Gadalla 2011 22166607 
Sweden 
& 
Denmark 

National hospital 
patient and 
cancer registries 

Registry-based 
1,658 
(unknown) 

14,170 104 SIR 
Meta-

analysis 

Win 2012 22237010 USA 

Mayo Clinic, 
Rochester 
medical records 
and national 
cancer registry  

Population-
based  

307 (221) 
Not 
reported 

53 SIR 
Meta-

analysis 

Mohamed 2013 23477718 France 

Neuromuscular 
clinic review list 
and national 
cancer statistics 

Population-
based 

109 (109) 
Not 
reported 

14 RR Narrative 

Abbott 2016 27064430 
USA 
(Utah) 

Utah Population 
Database 

Population-
based 

281 
(unknown) 

Not 
reported 
in paper 

17 RR Narrative 

Fernández-
Torrón 

2016 27558368 Spain 
National DM1 
cohort 

Cohort study 424 (424) 18.796 27 SIR 
Meta-

analysis 

Wang 2018 29114849 UK 
Clinical Practice 
Research 
Datalink (CPRD) 

Matched cohort 
1,061 
(1,061) 

90,445 35 HR 
Narrative 
(cohort 
overlap) 

Alsaggaf 2018 30556050 
United 
Kingdom 

Clinical Practice 
Research 
Datalink (CPRD) 

Matched cohort 927 (927) 140,554 41 HR Narrative 

Seo 2024 38613590 
South 
Korea 

National Health 
Insurance 
Database 

Population-
based 

3323 
(3,323) 

14,164 400 SIR 
Meta-

analysis 

Maya-
González 

2024 39233279 Sweden 
National Patient 
Register + 
Cancer Register 

Population-
based 

1,968 
(unknown) 

Not 
reported 
in paper 

158 HR 
Narrative 
(cohort 
overlap) 

Hameed 2025 41100969 USA 
Clinic and CA 
Registry-based 
cohort 

Clinic and  
registry 

211 (167) 
Not 
reported 

28 SIR 
Meta-

analysis 

Zhang 2025 40586148 USA 
MD STARnet 
population-
based cohort 

Cross-
sectional/registry 
analysis 

1,229 
(1,114) 

N/A 52 SPR 
Meta-

analysis 

 385 

386 
Studies reporting standardised incidence ratios (SIRs) were included in quantitative meta-analysis. Studies reporting 387 

hazard ratios (HRs), rate ratios (RRs), prevalence ratios, or overlapping cohorts were synthesised narratively. 388 
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Many studies identified patients using diagnostic codes which did not allow type of Myotonic dystrophy (1 or 2) to be 389 

identified. These were listed as unknown number of DM1 patients. Some studies reported containing DM1 patients 390 

only. Alsagaff et al. And Wang et al. Did not specify how inclusion of DM1 patients only was determined. Fernandez-391 

Torron included molecularly confirmed DM1 patients only. Mohamed et al. Included only DM1 patients including 92 392 

molecularly confirmed DM1 patients. Seo et al. Report diagnostic codes used to identify patients do not allow 393 

distinction for type of DM, however, report DM type 2 is not seen in South Korea. Win et al. Reported 118 DM1 patients 394 

and 103 unknown type DM, unknown DM type was assumed to be DM1 patients due to higher prevalence. Similarly, 395 

Zhang et al. Reported 1,001 DM1 patients and 113 unspecified DM type, unknown DM type was assumed to be DM1 396 

patients due to higher prevalence.  397 

 398 

 399 

 400 

 401 

 402 

 403 

 404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 

 412 

 413 
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Figure 1 414 

Prisma Diagram 415 

 416 

 417 

 418 

 419 

 420 

 421 
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Figure 2 422 

Pooled estimate of SIR for All cancers. 423 

 424 

 425 

Forest Plot 1: Pooled estimate of SIR for All cancers  426 

 427 

 428 
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 430 

 431 

 432 

 433 

 434 

 435 
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Figure 3 436 

Pooled estimate by cancer site in descending order of point estimate. Pooled SIR and 95% 437 
confidence interval. Number studies included, k; heterogeneity measure, I2.  Lower 95% 438 
confidence interval exceeded 1 in 12/21 sites. Ovary, uterus, brain, thyroid, testis, pharynx, 439 
pancreas, cervix, liver, lymphoma, colon and melanoma. Some common tumours were not  440 
associated with increased cancer risk: prostate, lung and breast.     441 

442 
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Figure 4 443 

Selected Forest Plots. a-d, sites of highest pooled SIR effect size for cancer risk in DM1. e&f, 444 

sites of lowest effect size. 445 

 446 

 447 

 448 

a Ovarian Cancer SIR   b Uterine Cancer SIR 

c Brain Cancer SIR   d Thyroid Cancer SIR 

e Breast Cancer SIR   f Lung Cancer SIR 
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