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Supplementary File to the paper “Biallelic POC1A variants cause syndromic severe insulin resistance with muscle cramps” 

Veronica Mericq, Isabel Huang-Doran, Dhekra Al-Naqeb, Javiera Basaure, Claudia Castiglioni, Christiaan de Bruin, Yvonne Hendriks, Enrico Bertini, 

Fowzan S. Alkuraya, Monique Losekoot, Khalid Al-Rubeaan, Robert K. Semple, Jan M. Wit 

 

Supplementary Information on clinical presentations  

 

Case 1 is a 21.5-year-old Chilean woman born to healthy parents of normal height (father -0.6 SDS, mother -1.3 SDS) (1). Birthweight at 37 weeks’ gestation 

was 1520 g (-4.4 SDS), length 39 cm (-5.5 SDS), and occipitofrontal circumference (OFC) 31 cm (-2.4 SDS) (1). Karyotype was normal. She showed normal 

psychomotor development but was admitted for failure to thrive at 2 years of age, when serum IGF-I was 101 ng/mL (-0.5 SDS) and IGFBP-3 2.3 mg/L (0.6 SDS) 

(2). 

At 8.7 years endocrinological evaluation of severe short stature and bilateral hip pain was sought. Her height was 100.5 cm (-5.1 SDS), weight 14.3 kg (-

4.4 SDS), Body Mass Index (BMI) 14.2 kg/m2 (-1.2 SDS) (1) and OFC 47.5 cm (-3.5 SDS) (3). Arm span (100 cm) minus height was close to the mean for age (4). 

Cognitive function was normal. She had thin, slow-growing hair, a prominent forehead, deep-set eyes, hypoplastic nostrils, smooth philtrum, thin upper lip, 

light skin, café au lait macules, joint hyperlaxity, and broad hands and feet with broad thumbs/big toes. Radiographs showed short phalanges, cone epiphyses 

of the distal phalanges, pseudo-epiphysis in the middle phalanx of the second finger and fifth finger clinodactyly and bone age was 7.9 years. Femoral necks 

were asymmetrical with abnormal remodelling, shortening and deformity. Scintigraphy showed irregular contrast in the right hip with thickened epiphyseal 

growth plate and no increased osteoblastic activity, consistent with prior avascular necrosis. Serum IGF-I, and plasma insulin concentrations were increased 

(Supplementary Table 1).  The serum growth hormone (GH) response to clonidine (11 ng/mL) was normal. Breast development was at Tanner stage 3 at 9.3 
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years, consistent with plasma oestradiol, LH response to Leuprolide (Supplementary Table 1) and uterine size (3.9 cm).  Ovaries remained small (0.6 and 1.0 

mL) on ultrasonography.  

 At 10.8 years limbs showed greater shortening in proximal (<–4.4 SDS) than distal segments (-3.1 to -3.5 SDS). Sitting height/height ratio was normal 

(0.3 SDS) (5). Hands were small and wide but large in comparison to arms. Feet were small and in proportion to the legs. Three irregular café au lait macules 

were noted. From 10 years’ old, hair became progressively dry, sparse and brittle, with increased scalp sensitivity.  

Recombinant human growth hormone (rhGH) (0.05 mg/kg.d) was administered from 10.1 to 11.6 years in combination with a GnRH analogue. A small 

increase of height SDS (-5.5 to -5.2 SDS) was seen, but given this poor response, and development of acanthosis nigricans and hypertension (136/81mmHg at 

11.8 years), rhGH treatment was discontinued. Hypertension was treated initially with enalapril. Menarche occurred at 15.3 years’ old, followed by 

oligomenorrhoea.   

At 18.7 years muscle cramps were the major complaint, affecting limbs, abdominal muscles, tongue and jaw. These had developed around the age of 2 

years, and had since gradually increased in frequency and intensity, exacerbated by prolonged exercise but also present at rest, even overnight. Cramps were 

associated with serum creatine kinase concentrations more than ten times the upper limit of normal (Supplementary Table 1). Serum concentrations of 

calcium, phosphorus and magnesium were normal. Segmental muscle strength and muscle volumes were normal, with no osteotendinous contractures, nor 

muscle spasm after percussion.   

At 21.5 years of age daily excruciating muscle spasms affected all skeletal muscles, lasting minutes to hours, triggered by movement and at rest. Spasms 

began with trunk and lower limb muscle stiffness, with co-contraction of agonist and antagonist muscles, sometimes with jerking involuntary limb movements. 
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Occasional mandibular and tongue spasms also occurred. Local warming tended to relieve pain. Nerve conduction studies were normal and concentric needle 

EMG showed a reduced recruitment pattern of motor units with polyphasic potentials of increased amplitude, indicating motor neuron involvement.  

Spontaneous muscle twitches, similar to fasciculations, were noted in limbs. The EMG needle triggered painful vastus lateralis spasms, leading to prolonged 

continuous muscle activity. Cramps subsided with amitriptyline.   

Oligomenorrhoea persisted, associated with low serum oestradiol, high serum LH,  biochemical hyperandrogenism and increased serum Anti-Mullerian 

Hormone  concentration, which normalised on regular metformin (Supplementary Table 1). Pelvic ultrasound showed a uterine length of 5.5 cm, ovarian 

volumes of 12 and 4 ml, and multiple follicles of  <10 mm. Adult height was 120 cm (-6.6 SDS), weight 29.6 kg, BMI 20.6 (0.3 SDS), OFC 50.0 cm (-4.0 SDS) and 

arm span 120 cm. Leg length was 60 cm, with a normal upper/lower segment ratio of 1.0.   

Metabolic evaluation from 8.7 years old (Supplementary Table 1) showed progressive insulin resistance (IR), treated with metformin 850mg bid from 

18.8 years, decreased to 425mg bid due to gastrointestinal symptoms. Serum triglycerides remained elevated from 11 years. Fatty liver was inferred from 

elevated aminotransferases and at 20.8 years, confirmed by ultrasonography. Blood pressure was well controlled on losartan 25 mg/day. Renal sonographic 

appearances were normal at 2 and 19.3 years, but at 21.5 years microalbuminuria and elevated blood urea nitrogen were recorded.  

 

Case 2 is a 25-year-old man, the only child of unrelated Portuguese parents. His mother had a normal height (165 cm, 0.3 SDS) (6). His father was reported to 

be of short stature (162 cm, -2.1 SDS) (6), with a prematurely aged appearance, hearing impairment, obesity, and loss of dentition by 36 years. He was of 

normal intellectual ability.  



4 
 

The proband was born at 43 weeks’ gestation with a birthweight of 2.45 kg [-3.2 SDS (7)]. A relatively large head and probably bony dysplasia were 

noted at birth, but skeletal surveys on two occasions during childhood failed to reveal a known dysplasia. Psychomotor development was normal.  At 8.1 years 

height was 98 cm (-6.4 SDS), weight 21 kg (-1.6 SDS) and BMI 21.9 kg/m2 (2.5 SDS) (8). Upper segment length was 54 cm [upper/lower segment ratio 1.23, 

equivalent to 3.5 SDS (4)] and arm span 93 cm [arm span minus height -1.3 SDS for age (9)]. Several small café au lait patches and joint hypermobility were 

noted. Brain MRI was normal. rhGH therapy from 9.5 to 10.5 years yielded no benefit, and was discontinued due to weight gain. Numerous dental procedures 

were required due to supernumerary teeth and dental caries, exacerbated by rapid jaw growth. Orthodontic assessment at age 12 revealed class III 

malocclusion. Nail growth was normal. Puberty onset was reportedly at 11 years old. 

At 13.6 years old health was good except for muscle cramps. Height was 125.4 cm (-4.8 SDS), BMI 24.3 kg/m2 (1.9 SDS) and OFC 53.8 cm (-1.2 SDS for 

age (8).  Puberty was well advanced, with Tanner stage 3 genitalia and pubic hair, and testicular volumes 8 ml. Adiposity was centripetal but there was no 

frank lipodystrophy. Mild acanthosis nigricans was seen. There was brachydactyly and mild fifth finger clinodactyly with broad, short nails. There were 

scattered depigmented patches on the abdomen, and two small, irregular café au lait patches on the lower back. Muscle tone and limb reflexes were normal 

and no muscular hypertrophy was observed. Oral glucose tolerance testing revealed severe IR without diabetes, and reactive hypoglycaemia. Elevated serum 

ALT was consistent with fatty liver, and serum creatine kinase was mildly elevated (Supplementary Table 2). Serum calcium, phosphorus and magnesium 

concentrations were normal. Over the next 18 months cramps resolved, permitting vigorous activity, however acanthosis nigricans persisted. 

At 22.3 years old, he was symptomatically well on no therapy but obesity had developed [height 127 cm (-7.2 SDS), weight 59.2 kg, BMI 36.7 kg/m2].  

Adiposity was centripetal with pronounced acanthosis nigricans. Arms and legs were short, but hair and nails were normal. Café au lait patches were 

unchanged. Biochemical evaluation demonstrated extreme fasting hyperinsulinaemia (Supplementary Table 2). 
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At 25 years old, he reported severe muscular pains, significantly worse than in teenage years. These were spasmodic, associated with paraesthesia in 

the fingers, and were exacerbated by cold. They were refractory to non-steroidal anti-inflammatory drugs, and limited activity, contributing to weight gain. 

No muscular hypertrophy was noted. He also described, for the first time, rapid, patchy hair loss occurring over several weeks in a non-androgenic distribution. 

 

Case 3 is a 32-year-old Saudi Arab male presenting with short stature, intellectual disability, and type 2 diabetes mellitus (DM2). He was born at 39 weeks’ 

gestation after a pregnancy complicated by intrauterine growth retardation.  His parents are first cousins with 4 other healthy children. Both parents were 

diagnosed with DM2 at 42 years of age. At birth the proband was small for date [weight 1.8 kg (-2.8 SDS), length 45 cm (-3.0 SDS), OFC 33cm (-1.2 SDS)]. 

Developmental milestones were delayed from early childhood onwards. GH deficiency was suspected and rhGH therapy given from 8 years of age for 6 years, 

but information on serum IGF-I, GH stimulation testing and growth response is unavailable. Currently, he is semi-independent with an IQ of 68, has no 

secondary sexual characteristics, and has had alopecia since adolescence.   

At 22 years his height was 135 cm (-5.8 SDS), weight 51.1 kg (-2.1 SDS), and BMI 28.2 kg/m2. He had brachydactyly, posteriorly rotated, low set ears, 

small, broad hands and feet with hypoplastic distal phalanges and nails, partial alopecia, and centripetal adiposity. He exhibited a high forehead, hypotonia, 

joint hyperlaxity, brachycephaly, hypertelorism, broad upturned nose, long philtrum, short palpebral fissure, widely spaced first and second toes, and single 

palmar creases. Skeletal survey revealed short femoral neck and phalanges, short left third metacarpal and metatarsal bone, hypoplastic distal phalanges and 

nails, and short, thick long bones. He had nuchal and axillary acanthosis nigricans and fatty liver, confirmed ultrasonographically. DM2 was diagnosed and 

managed with Metformin, Sitagliptin and Pioglitazone. On this regimen serum insulin was slightly increased, with C-peptide and adiponectin within normal 

limits (Supplementary Table 3). 



6 
 

At 25-26 years, lack of secondary sexual characteristics, plasma testosterone at or below the lower limit of normal and an empty sella on imaging 

prompted GnRH stimulation testing, which showed a normal FSH and LH response (10) (Supplementary Table 3). Three-weekly testosterone ester (250 mg) 

injections were prescribed, but compliance has been poor. Other pituitary axes were normal.  

At 26 years, muscle cramps in legs and chest on exertion and at rest were reported, with elevated serum creatinine kinase concentration of 9702 U/L 

(reference 25-190 U/L). No muscular hypertrophy was noted. Cramp-Fasciculation Syndrome was suggested by electromyographic findings of rare fibrillation 

potentials and positive sharp waves, normal motor unit action, and cramps induced by exercise. Muscle biopsy (Supplementary Figure 1) showed nonspecific 

myopathic changes suggestive of a secondary neuropathic process. These included mild focal fibrosis, increased internal nuclei, occasional lobulation and 

splitting together with clusters of atrophic angular fibres and hypertrophic fibres, and focally increased internal nuclei. Cytochrome oxidase staining was 

uneven, with scattered fibres showing subsarcolemmal mitochondrial accumulation. Myosin heavy chain immunostaining showed dominance of type II fibres. 

Electron microscopy revealed scattered degenerating atrophic fibres and no clear mitochondrial abnormalities. Spinal MRI was normal. Symptoms abated 

gradually, and serum creatinine kinase concentration decreased to 300 U/L (Supplementary Table 3). Serum calcium, phosphorus and magnesium 

concentrations were always normal. 

At 29 years severe hyperglycaemia was noted with HbA1c of 12.7%, mandating insulin therapy. Non-proliferative diabetic retinopathy was found with 

persisting fatty liver on ultrasonography and elevated serum aminotransferase concentrations. Hypercholesterolaemia and hypertriglyceridaemia were 

managed with Atorvastatin 20 mg daily.  

 

Supplementary information on genetic analyses 
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POC1A variants identified are described with reference to RefSeq accession number NM_015426.4. 

Case 1: The index and her parents were analysed in a diagnostic setting by exome sequencing at the Laboratory for Diagnostic Genome Analysis (LDGA), 

Department of Clinical Genetics, Leiden University Medical Centre. Genomic DNA was extracted from peripheral blood using the Chemagic Prime instrument 

(PerkinElmer, Waltham, MA, USA). Exomes were enriched with the SureSelect Clinical Research Exome V2 kit (Agilent Technologies, Santa Clara, CA, USA), 

followed by NovaSeq 6000 System sequencing (Illumina, San Diego, CA, USA). Variant analysis used a pipeline consisting of BWA, GATK and Moon software 

(http://www.diploid.com/moon) using the HPO terms for severe short stature. This resulted in the homozygous POC1A variant and no other plausible causal 

mutations were identified. No pathogenic mutations were identified in 95 myopathy-related genes in the laboratory of dr. Bertini (Italy) (11). 

Case 2: Microarray revealed no pathogenic copy number changes.  Exome sequencing of genomic DNA and variant calling were performed as part of the 

UK10K Project, as described previously (12). Raw sequence data is available from the European Genome-Phenome Archive (https://www.ebi.ac.uk/ega/home; 

accession EGAN00001015634).  Two POC1A variants but no other plausible causal mutations were identified and were confirmed by Sanger sequencing. 

Case 3: Woodhouse-Sakati syndrome was excluded by full sequencing of C2orf37 and autozygosity analysis. Exome sequencing was then undertaken and 

combined with the autozygome analysis as previously described (13, 14). No candidate variants in known myopathy genes were identified.  

 

 

   

http://www.diploid.com/moon
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Supplementary Table 1. Selected laboratory findings in case 1 

Age (years ) 8.7 9.3 9.7 11 13 14.3 18.7 19.3 20.8 21.5 Reference range 
Alanine aminotransferase 
(U/L) 

 32   52 74 107 37  82 <55 (21.5 yrs) 

Aspartate 
aminotransferase (U/L) 

 34   40 34 55 20  33 5-34 

Uric acid (µmol/L)          571 155-357 

Creatine kinase (U/L) 111 163   123 111 1038 138  164 26-192 (<18 yrs), 29-168 (>18 yrs) 

Creatine kinase-MB (U/L) 31 60   31 23 45    7-25 (<18 yrs), 0-25 (>18 yrs) 

Total Cholesterol 
(mmol/L)  

 3.3   4.4 4.1 4.5 3.6 4.1 4.7-4.8 <4.4 (children, adolescents) 
<4.9 (young adults) 

HDL Cholesterol (mmol/L)     0.75 0.70     >1.2 

Triglycerides (mmol/L)    2.6 2.6 2.1 4.3 2.7 2.0 3.9-5.9 <1.0 (10-19 yrs), <1.3 (young adults) 

OGTT glucose (mmol/L)            

Baseline  4.7   6.2 5.4 5.9 5.6 5.6 5.2 <5.6 

120 mins     6.2 7.3 9.1   13.9 <7.8 

OGTT insulin (pmol/L)             

Baseline 45   192 733  348   304 13-85 (8.7 yrs). 23-76 (Tanner 5) 

120 mins 650    2177  >2084   8084 153-486 (8.7 yrs). 153-549 (Tanner 5) 

IGF-1 (nmol/L)  45  
(6-34) 

  76  
(4-56) 

 28      
(22-56) 

26   
(25-56) 

  21  
(23-42) 

 

IGFBP-3 (mg/L)  5.2  
(1.6-6.5) 

  6.6  
(2.4-8.4) 

 7.0  
(3.3-10) 

   5.7  
(3.4-7.8) 

 

Oestradiol (pmol/L)    382    213   354, 268 <55 (prepubertal), 257-1101 (luteal) 

LH (baseline/peak) (IU/L)   <0.6/14.21     22.1   7.8 Prepubertal <0.6/<5. 2.8-14.0 (luteal) 

FSH (baseline/peak) (IU/L)   3/17.7    4   2.2 Prepubertal <3. Luteal phase 1.4-5.5 

Anti-Mullerian Hormone 
(pmol/L) 

         1.6 0.1-0.7 

Testosterone (nmol/L)          251    37 -  197 

SHBG (nmol/L)          10 11.7-137  
1Baseline and peak levels (IRMA) at Leuprolide test, performed at 9.7 years. Abbreviations: FSH = Follicle-stimulating hormone; LH = luteinising hormone. 

Laboratory results outside of the reference range are printed in bold print. OGTT = 75g oral glucose tolerance test . 
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Supplementary Table 2. Selected laboratory findings in case 2 
 

Age (years) 13.3 22.3 Reference range 

Alanine aminotransferase (U/L) 60 35 7-40 

Total creatine kinase (U/L) 1075  42-163 

Total cholesterol (mmol/L) 3.0 4.4 <4.4 to <4.9 

LDL cholesterol (mmol/L) 1.8 0.29 <2.9 to <3.1 

HDL cholesterol (mmol/L) 0.96 0.83 >1.2 

Triglyceride (mmol/L) 0.6 2.8 
<1.0 (10-19 yrs) 
<1.3 (18-21 yrs) 

IGF-1 (nmol/L) 59.4  11.5-75.0 

  Testosterone (nmol/L) 14.0  8.0-32 

Haemoglobin A1c (mmol/mol) 33  <42 

OGTT glucose (mmol/L) 
0, 30, 60, 90, 120, 150, 180 mins 

4.0, 7.3, 6.7, 6.7, 6.8, 6.0, 2.7  Baseline <5.6 

OGTT insulin (pmol/L) 
0, 30, 60, 90, 120, 150, 180 mins 

N/A, 2450, 2490, 2420, 3460, 2210, 410 9471 15-73 

1Fasting level only at 22.3 years. 
Abbreviations: NA = not available; OGTT = 75g oral glucose tolerance test.  
Laboratory results outside of the reference range are printed in bold print. 
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Supplementary Table 3. Selected laboratory findings in case 3 

Age (years ) 25 26 27 28 29 30 31 32 Reference range 
Alanine aminotransferase (U/L)   102 44 59 71 42 39 29 5-41 

Aspartate aminotransferase (U/L)   87 28 30 30 23 26 16 12-37 

Total creatine kinase (U/L)   9702 307 NA 427 215 602  25-190 

Creatine kinase MB (U/L)  122.1       7-25 

Total cholesterol (mmol/L)   5.9 5.5 6.2 5.9 5.6 6.8 <4.9 

LDL cholesterol (mmol/L)   4.3 3.8 4.3 3.6 3.7 3.5 <3.1 

HDL cholesterol (mmol/L)   1.2 0.8 0.9 0.8 0.9 0.8 >1.2 

Triglycerides (mmol/L)   0.8 2.0 2.5 3.1 2.1 5.5 <1.3 

Free T3 (pmol/L)   5.8    5.5  4.4-6.8 

Free T4 (pmol/L)   17.0  17.1 16.7 18 17.8 12-22 

Thyroid stimulating hormone (mIU/L)   1.6  1.7 2.2 1.8 2.1 2-5 

Haemoglobin A1c (mmol/mol)   39 64 82 96 71 95 <42 

Fasting capillary blood glucose (mmol/L)1      15.7   3.9-5.8 

Insulin (pmol/L)2    186      15-73 

C-peptide (pmol/L)   824      379-901 

Adiponectin (µg/mL)   5.7      4-204  

Testosterone (nmol/L) 6.1 9.5 10.7   8.0 6.7  9.9-27.8 

GnRH test: FSH (IU/L)3          

Baseline  3.3 4.4      0.7-7.2 

Stimulated  7.9       0.5-10.5 

GnRH test: LH (IU/L)3           

Baseline  7.5 5.1      1.8-8.4 

Stimulated   38.9       7.4-54.2 
1Patient was following by home glucose monitoring for blood sugar control.  2On metformin 500mg twice daily, sitagliptin 100mg once daily and pioglitazone 

15mg once daily. 3Maximum of concentrations at 30, 60 and 90 minutes after injection of GnRH. Reference range from Bang et al, 2017 (10)  4For males with 

BMI 25-30kg/m2.  

Abbreviations: FSH = Follicle-stimulating hormone; LH = luteinising hormone. 

Laboratory results outside of the reference range are printed in bold print. 
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Supplementary Table 4. POC1A variants detected in this study 

 

Nucleotide 

change 

(NM_015426.4) 

Protein 

change 

gnomAD 

(v2.1.1) 

MAF* 

SIFT** PolyPhen** CADD 

score 

(Phred) 

ClinVar ACMG/AMP 

(Intervar) 

Reference 

c.649C>T p.(Arg217Trp) 0.0028% Not 

tolerated 

(p = 1.00) 

Probably 

damaging   

(score 1.000; 

sensitivity 0.00; 

specificity 1.00) 

25.5 Not present VUS 13 

c.370G>A p.(Asp124Asn) Not present Not 

tolerated 

(p = 1.00) 

Probably 

damaging   

(score 1.000; 

sensitivity 0.00; 

specificity: 1.00) 

29.9 LP LP Not published 

c.241C>T p.(Arg81*) 0.0032% - - 37 1x P; 1x LP P 3, 10, 29  

 

*MAF = minor allele frequency; **Prediction of amino acid substitution.  

Abbreviations: LP, Likely pathogenic; P, Pathogenic: VUS, variant of uncertain significance. 
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Supplementary Table 5. Clinical assessment parameters for reported cases with insulin resistancea 

 

 Cases 1-3b Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 

First author and Date  Shalev et al, 
2012 

 

Chen et al, 
2015 

 

Giorgio et al, 
2017 

 

Majore et al, 
2020 

Present 
report 

Present 
report 

Present 
report 

Number of cases 3 out of 9 1 1 1 1 1 1 

Ethnicity   Arab  Italian Italian Italian Chilean Portuguese Arab 

Height SDS -7; -7; NR -4.1 -4 -2.4 -7.2 -5.8 -5.8 

IR/DM2  DM2; DM2; DM2 IR IR/DM2 IR IR IR IR/DM2 

Age at diagnosis of 
DM2 or IR/gender  

20/M; 24/M; 
29/M  

12.7/F   14/F  15/F 8/F 13/M 22/M 

Hypertension  NR No  NR NR + NR - 

Hypertriglyceridaemia  +; +; + + + + + + - 

Decreased HDL-chol +, +, + +   + + + 

Centripetal adiposity NR +/- + + - + + 

Acanthosis nigricans 
(age noted)  

NR + (8.5 yrs) + (7-8 yrs) + (13 yrs) + (11 yrs) + (13 yrs) + (<22 yrs) 

Fatty liver NR + + + + + + 

PCOS  NA + irregular 
menses 

+ + NA NA 

Testicular failure  +; +; NR NR NA NA NA - + 
aFor genetic details, please see Supplementary Table 4.   bThe first 2 cases were reported by Shalev et al (2012). A third affected 

individual from this family (A-III-2) developed DM2 after publication. Data on serum lipids were kindly provided by Dr. Stavit Shalev.  

Abbreviations: DM2, diabetes mellitus type 2; F, female; HDL-chol, HDL-cholesterol; IR, insulin resistance; M, male; NA, not 

applicable; NR, not reported; PCOS, polycystic ovary syndrome; +, present; -, absent 
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Supplementary Table 6. Anthropometric data in reported cases with SOFT syndrome 

cDNA (NM-
015426.4 

Exon Protein N  Age, (sex) Birth 
weight SDS 

Birth 
length SDS 

Birth OFC 
SDS 

Height SDS OFC SDS Weight 
SDS 

Reference 

Cases without severe insulin resistance 

c.512T>C (Fam 1) 5 p.(Leu171Pro) 5 30 M@ -0.3*   -7.0 -3.0  (15, 16) 

    23 F 0.5* 0.4* 2.7* -6.0 -3.0   

    33 F    -9.0 -4.0   

    14 M@ -0.5* -1.2*  -6.0 -4.0   

    0.75 M -0.3* -1.9*  -6.0 -2.5   

(Fam 2)   3 24 M    -7.0 -3.5   

    2.8 M -0.3* -0.8* 2.2* -7.0 -1.7#   

    9 F 0.4* -1.0* 0.3* -8.0 -2.5   

c.241C>T (Fam 1) 3 p.(Arg81*) 3 6.0 F -3.9 -4.7 -2.2 -6.7 -2.3 -5.0 (17) 

    1.9 F -3.8 -5.8 -2.2 -7.1  -6.3  

    0.3 M -2.3 -3.0 -0.3^ -5.1 0.2^ -3.2  

(Fam 2)   1 6.0 M -4.1   -7.1 -6.4 -6.3  

(Fam 3)   1 2.7 M -6.6   -7.1 -3.3 -5.9  

c.358A>G 4 p.(Thr120Ala) 2 9/11.5 F -4.0   -2.2 -0.3/-0.7& -0.7/-1.3& (18) 

    6.5/8 M -3.2   -5.0 -0.7/-1.3& -3.1  

c.254del 3 p.(Leu85Alafs*22) 1 13.5 M -4.0 -5.3 -1.2 -4.3   (19) 

c.515G>A 5 p.(Trp172*) 1 1.1 M -2.9 -4.5 -0.1 -7.2 -1.7 -4.8 

c.239C>T/ 
c.241C>T 

3 
3 

p.(Ser80Phe)/ 
p.(Arg81*) 

1 8.5 M -4.3 -4.1  -6.7 -2.3 -6.0 (20) 

c.491G>A 5 p.(Ser164Asn) 1 6.5 F -3.1 -1.8 -1.6 -4.6 -0.3# -4.0 (21) 

c.649C>T 6 p.(Arg217Trp) 1 6.7 F -2.2 -2.4 -0.8 -3.5 -1.4 -1.8 (22) 

c.275+2T>G Intr3 p.? 1 8.7 M -3.0 -2.8 -0.2 -4.5 -4.1  (23) 

c.64G>T (Fam 1) 2 p.(Val22Phe) 5 7.8 M  -3.2 -5.7 -2.7 -6.4 -6.0 -7.7 (24) 

    2.0 F -3.4 -3.7 -3.0 -6.3 -3.0 -11.7  

    3.8 M -3.1 -4.4 -1.4 -6.5 -2.0 -6.9  

    3.8 M -3.2 -4.4 -2.2 -7.5 -5.4# -12.2  

    5.5 M -2.7 -4.0 -1.4 -5.1 -6.0# -6.2  

(Fam 2)   2 4.5 M -3.6* -5.0* -0.4* -5.5# -1.4# -7.2#  

       3.6 M -1.9* -3.7* 0.1* -5.2# -1.5# -7.0#  

Mean (SD)    N=28 8.9 (19M,9F)  -2.7 (1.7) -3.3(1.7) -0.8 (1.5) -6.1 (1.4) -2.8 (1.8) -5.9 (2.9)  
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(range) (0.3-30) (-6.6;0.5) (-5.8;0.4) (-3.0;2.7) (-9.0;-2.2) (-6.4;0.2) (-12.2;-1.3) 

Cases with severe insulin resistance 

c.1048del 10 p.(Gln350Argfs*4) 1 21.3 F -3.1   -4.1   (12) 

c.1048dup 10 p.(Gln350Profs*12 1 42 F    -4.0   (25) 

c.884del/ 
c.1048del 
 

9/10 p.(Val295Glyfs*59)/ 
p.(Gln350Argfs*4) 

1 30 F -1.6   -2.4   (26) 

c.649C>T 6 p.(Arg217Trp) 1 8.8/22 F -3.7 -4.3 -1.6 -5.3/-7.2 -4.7 -5.9 This report 

c.370G>A/ 
c.649C>T 

4/6 p. (Asp124Asn)/ 
p. (Arg217Trp) 

1 32 M -2.8 -3.0 -1.3^ -5.8 -1.2  This report 

c.241C>T 3 p.(Arg81*) 1 32 M    -5.8  -2.1 This report 

Mean (SD) 
(range) 

  N=6 29.8 (7.6) 
(21;42) 

-2.8 (0.9) 
(-3.7;-1.6) 

-3.7 
(-4.3;-3.0) 

-1.5 
(-1.6;-1.3) 

-4.9 (1.7) 
(-7.2;-2.4) 

-3.0 
(-4.7;-1.2) 

-4.0 
(-5.9;-2.1) 

 

@These patients developed diabetes mellitus type 2 at 20 and 26 years, respectively 

*SDS of birth length, weight and OFC was calculated based on Swedish reference (7)  

#SDS of these measures was calculated using Dutch references (27)  

^Estimated based on percentile position 

&The values at the oldest reported ages were used for calculating mean and SD 

Other SDS values are copied from the original papers. 

Abbreviations: F, female; M, male; OFC, occipitofrontal circumference; SDS, standard deviation score. 
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Supplementary Figure 1. 

 

Muscle biopsy of patient 3.  A:  Haematoxylin and eosin staining reveals focal myopathic features, including variation in fibre size. Angular atrophic and 

hypertrophic fibres, focal prominent perimysial components and focal clumps of increased internal nuclei (black arrows) (X400). B: Cytochrome oxidase 

shows scattered fibres with subsarcolemmal mitochondrial accumulation (black arrows) (X200). C: Immunostaining for the fast class of myosin heavy chain 

highlights predominance of type II fibres (X100). D: Electron microscopy confirms nuclear abnormalities of the scattered degenerating atrophic angular 

fibres with nuclear clumps observed at light microscopy (X6000).  
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Supplementary Figure 2 

 

 

DeepGestalt of the face of patients with SOFT syndrome.   
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