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Learning Objectives 
• Discuss the history of latent autoimmune diabetes of adulthood 

(LADA) 
 

• Explore the relationship between a rare neurological disease and 
diabetes mellitus 

 
• Review other musculoskeletal complications of diabetes mellitus 



The endocrine consult service is called for a 53 year female patient with ‘insulin 
dependent diabetes’ with hyperglycemia who is admitted for recurrent nausea, vomiting, 
abdominal pain and 25 lb weight loss over last 3 months. Her inpatient glycemic 
management is currently complicated by a steroid prep for anticipated CT contrast 
studies to evaluate abdominal pain (because she has a history of contrast allergy). 

May, 2015 

Regarding her history of diabetes… 
- Diagnosed at 38 years of age with DKA (no records available) 
- She has no family history of diabetes, mother with Addison’s disease 
- She underwent pancreas transplant in 2004 and was off insulin for 7 years until 

transplant rejection in 2011 
- She is currently on basal-bolus insulin at home (Levemir 26 units in split dose, 

novolog 8 units with meals) 
- She has a history of multiple admission for DKA 
- Her most recent A1c is 9.7 
- no known retinopathy or nephropathy, does endorse symptoms consistent with 

peripheral neuropathy 

Classification of diabetes? 



Diabetes. 1993 Feb; 42(2):359 – 362. 

Latent Autoimmune Diabetes of Adulthood 

study population: 
- 102 Finnish adults 
- diagnosed at 35+ years of age 
- nonketotic diabetes 
- without insulin use over last 6 months 

 
methods: 
insulin-dependent status was determined by 
measuring c-peptide after an overnight fast 
and 6 min after glucagon injection 
(<0.6 nM = insulin deficient) 
 
GAD autoantibodies determined via 
radioimmunoprecipitation assay 



Diabetes. 1993 Feb; 42(2):359 – 362. 

Latent Autoimmune Diabetes of Adulthood 

Insulin 
deficient 

Non-insulin 
deficient 

GAD (+) 25 8 33 
GAD (-) 8 61 69 

33 69 

Chi-square 41.99, p-value < 0.0001 
 
Odds ratio: 23.8, 95% CI: [7.2 - 81.8] 
 
GAD (+) is highly associated with insulin 
deficiency. 
 
GAD (+) was 76% sensitive and 88% specific in 
identifying insulin deficiency. 

Results: 



Diabetes. 1993 Feb; 42(2):359 – 362. 

Latent Autoimmune Diabetes of Adulthood 



J Clin Endocrinol Metab, Dec 2009, 94(12):4635 - 4644 

Latent Autoimmune Diabetes of Adulthood: definition, demographics 
and clinical characteristics 

- LADA may account for up to 12% of all cases of diabetes 
in some populations 
 

- typical features include age >35 years, non-obese, and 
progression from diet-controlled disease to insulin-
dependence is on the order of months to years 
 

- weight loss, ketone proneness and low C-peptide 
 

- In general, the presence of at least one antibody supports 
the diagnosis of LADA (islet cell, GAD65, IA-2, insulin, 
ZnT8) 
 



J Clin Endocrinol Metab, Dec 2009, 94(12):4635 - 4644 

Latent Autoimmune Diabetes of Adulthood: antibody positivity 
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Latent Autoimmune Diabetes of Adulthood: genetics 

- LADA patients appear to have increased frequency of 
HLA alleles associated with susceptibility to type 1 DM 
 

- However, protective HLA alleles (DR2 and DQβ1*0602) 
are more frequent in LADA patients vs those with type I 
DM 
 

- Based on polymorphism studies, patients with LADA 
appear to share genetic determinants common to both 
type I and type 2 DM 
 

- Family history of DM is a risk factor for the development 
of LADA 

Back to the case… 
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Calcium: 9.3 

Physical exam and laboratory results: 

Liver function tests unremarkable except for an ALT of 36 

HbA1c: 9.7 
TSH: 0.67 

No acute distress. Thin and generally well appearing. 
BP 137/88. HR 71. Temp 36.3. BMI 15.2. 
Neck: supple, no thyromegaly 
CV: regular rate and rhythm 
Chest: clear to auscultation bilaterally 
Abdomen: mild tenderness diffusely, no violaceous striae 
Neuro: grossly intact 
Skin: no lipo-hypertrophy or abdomen or lateral thighs 
Foot exam: dry, but no sores/wounds 

Cholesterol: 152 
LDL: 79 
HDL: 61 
TGs: 58 



- improved symptoms with small frequent meals and reglan 
- s/p TIPS revision (chronic portal vein thrombosis) 
- Minimally delayed gastric emptying 
- Insulin regimen adjusted to 12 units of Lantus daily and 1:20 ICR 

and a ISF 75 correctional scale 
- Arrange for follow up at UC endocrinology clinic 

Discharge 
Summary 

Clinic follow up 
2015 - 2017 

- difficult to manage glycemic control, several admissions for DKA 
- BMD in 2016 with -2.6 T score of total hip, started on denosumab, 

vitamin D supplementation 
- Due to random low cortisol and ACTH during outside admission, 

underwent cosyntropin stim test: cortisol 18  24 
- clinic pituitary evaluation: cortisol 5.8, FSH 145, LH 43.4, IGF-1 

99, TSH 1.22, FT4 1.23 (April 2017) 
- Eventually lost to (endo) follow up by the end of 2017 

 



The patient presents as an urgent consult to neurology clinic (Dr. Rezania) due to an 
acute onset of gait unsteadiness, dizziness and dysarthria. This was initially evaluated at 
her local hospital with an MRI, which reportedly did not show an area of acute ischemia 
or other abnormality. She is noted at this visit to have bilateral thigh pain for 2 months 
and toe/foot numbness. She was on gabapentin only at that time. She had a lower 
extremity NCV/EMG earlier in 2017 which was consistent with an axonal sensorimotor 
polyneuropathy and superimposed possible R lower lumbar radiculopathy. 

June, 2017 

On physical examination: 
- her speech is intact 
- Cranial nerves are intact 
- bilateral ptosis 
- 5/5 strength in extremities bilaterally 
- diminished pinprick and temperature to high shins and in distribution of R femoral 

nerve 
- mild finger-nose-finger and heel-to-shin dysmetria and titubation (head nod) 
- intermittent myoclonic movements in upper and lower extremities (spasms) 
Exam suggests a possible cerebellar syndrome. Plan to admit for MRI and CSF studies. 
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Brain MRI wo contrast 

c-spine MRI wo contrast 

CSF studies 

3 WBCs, 1 RBC, 89% lymphocytes, glucose 134, 
protein 22, no oligoclonal bands, culture negative, 
ACE negative, neg paraneoplastic panel, 
infectious w/u negative 

serum studies 
HbA1c 12.0, neg paraneoplastic panel, ANA 
positive, dsDNA negative, ceruloplasmin 
normal, zinc normal, copper normal 

GAD65 Ab: 3.07 nmol/L 
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Dr. Rezania 



N Engl J Med. 1988 Apr 21:318(16):1012-20. 

Linking stiff person syndrome (SPS) and diabetes through 
GAD autoimmunity 

SPS essentials: 
- progressive, fluctuating muscle rigidity of the limbs, trunk and neck 
- EMG demonstrates continuous motor-unit activity at rest 
- Associated with endocrine disorders: diabetes, hyperthyroidism, 

hypopituitarism 
A 39 year old woman began experiencing grand mal 
seizures and permanent contractures of the lumbar 
muscles in the months following hysterectomy for uterine 
fibromyoma. She responded well to diazepam for the 
contractures. 
 
She presented again at age 48 with ketoacidotic coma 
after several weeks of polyuria and polydipsia. 
 
Signs of autoimmunity against the CNS were investigated. 



N Engl J Med. 1988 Apr 21:318(16):1012-20. 

Linking stiff person syndrome (SPS) and diabetes through 
GAD autoimmunity 
Samples of the patient’s serum and 
cerebrospinal fluid were used to 
immunostain frozen sections of brain tissue. 
 
Prominent activity was noted in the 
peripheral terminals of the cerebellar 
glomeruli, which are GABA-ergic. 

The staining pattern in 
cerebral and pancreatic 
islet tissue produced by 
GAD antiserum was 
identical to that produced 
by the serum and CSF of 
the patient. 
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- MRI brain and c-spine without evidence of inflammation 
- CSF studies unrevealing for etiology 
- under presumptive diagnosis of acute autoimmune cerebellitis, 

the patient received IVIG treatment with improvement in 
symptoms 

- Follow up scheduled in neurology clinic 

Hospital 
Course 

Clinic follow up 
2017 - present 

- based on GAD65 antibody positivity, improvement in neurological 
symptoms with IVIG treatment and lack of alternative diagnoses, 
presumptive diagnosis of SPS made 

- patient eventually started on insulin pump therapy with 
improvement in glycemic control (outside endo clinic) 

Admission 9/2020 
for IVIG and PLEX 

therapy 

- admitted for acute worsening of gait ataxia 
- HbA1c 6.7 on admission 
- PLEX therapy complicated by thrombosis of central line, but 

symptoms improved 
- Continues on IVIG therapy every 3 weeks 



Date 8/25/16 6/7/17 11/21/17 2/13/18 4/6/18 10/30/18 9/27/20 

GAD65 (nmol/L) 2.96 3.07 2.33 3.53 0.41 0.26 
HbA1c (%) 9.0 12.0 12.6 6.7 

IVIG therapy started treated with 
baclofen, diazepam 

and gabapentin 



J Neurol Neurosurg Psychiatry. 2015 Aug;86(8):840-848. 

SPS: an overview 
Diagnostic criteria 
Major criteria 
1. Stiffness in axial and limb muscles, prominently in paraspinal muscles 
2. Superimposed muscle spasms, often precipitated by sensory stimuli 
3. EMG: continuous motor unit activity 
4. Absence of other neurological disorders that could explain symptoms 

 
Minor criteria 
5. Positive serum anti-GAD65 antibodies 
6. Clinical improvement with benzodiazepines 

Subtypes 
Classic SPS 
Paraneoplastic SPS 
SPS variants 
 includes SPS plus (ataxia, epilepsy, etc) 

Does this patient have stiff-person syndrome? 



J Neurol Neurosurg Psychiatry. 2015 Aug;86(8):840-848. 

SPS: an overview 

endocrine-related disorders 



J Neurol Neurosurg Psychiatry. 2015 Aug;86(8):840-848. 

SPS: an overview 
Recommended treatments include: 
- Benzodiazepines 
- Anti-epileptics 
- Baclofen 
- Dantrolene 
- Botox 
- immunotherapy 

- Corticosteroids 
- IVIG 
- Rituximab 
- Plasma exchange 
- tacrolimus 
- mycophenolate 
- … 

 



Diabetes Care. 2014 Oct;37(10):e214-215. 

LADA and SPS: a spectrum of phenotypes? 

Shared genetic risk 

insulin 
requirement 
developed 

over 2 years 

relative 
insulin 

deficiency 

Case 1: 6 month history of R leg stiffness, foot spasms and pain 
Cast 2: episodic brief truncal and lower-limb spasms progressive over 20+ years  
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Overview of the musculoskeletal complications of diabetes mellitus. Uptodate.com 

More common musculoskeletal complications of diabetes  
A potential theory linking diabetes and disorders like adhesive capsulitis is that advanced glycation 
end products act to crosslink collagen fibers, reducing mobility 

Carpal tunnel syndrome: hand pain, paresthesia caused by compression of median 
nerve; type I and II DM appear to increase risk of disease by about 70% 
 
Limited joint mobility: limited joint movement most often in the hands, but also in feet, 
ankles, shoulders; thickening of the skin on the dorsum of the hands may be present 
 
Dupuytren’s contracture: fibrosis of the palmar fascia leading to flexion contractures of 
the digits and nodule formation 
 
Adhesive capsulitis (frozen shoulder): gradual development of global limitation of 
active and passive shoulder motion with no radiographic findings, including osteoarthritis 
 
Neuropathic (Charcot) arthropathy: loss of sensation and poor vascularity leads to 
chronic, destructive arthropathy 
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