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What is a prodrome?

Greek word ‘prodromos’ = running before

Early or premonitory manifestation of impending disease before specific symptoms begin
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Prodroms in complex diseases

Type 1 diabetes

Parkinson’s disease



Hints for a prodrom in multiple sclerosis

Compston and Coles, 2008

- Migrants before the age of 15 acquire the risk of MS of the host country

- Peak age at onset 20-40 years old

1) Temporal interval between environmental risk factors and disease onset

Paty and Ebers, 1998



Hints for a prodrom in multiple sclerosis

2) Radiologically isolated syndrome (RIS) and lesion load at first relapse

- Paraesthesia in her left arm in the last 2 weeks

- No neurological symptoms ever before

- > 9 brain and 4 spinal lesions on MRI

- 32 years old patient with psychotic episode while 

on cabergoline treatment 

- Normal neurological examination

- Multiple brain and spinal (asymptomatic?) lesions

When did the disease start?



Hints for a prodrom in multiple sclerosis

3) Evidence for cognitive dysfunction prior to MS diagnosis

Individuals with lower scores on cognitive 

testing  are at increased risk of MS in the 

following 2 years.
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Key is defining diagnosis….

Five key-points in MS diagnosis

1) Presence of clinical syndrome typical for demyelinating disease

2) Objective evidence of CNS pathology (neurological exam, MRI, VEP…)

3) Evidence of dissemination in space

4) Evidence of dissemination in time

5) No better alternative diagnosis

Typical syndromes include: 

• Optic neuritis

• Brainstem syndrome (eg INO, trigeminal neuralgia)

• Cerebellar symptoms

• Trasnverse myelitis

Fatigue, cognitive issues, unspecific

dizziness….should NOT be used as clinical

evidence for diagnosis



Two main problems…. 

1) Need of a large sample size:

- Proportion of MS in individuals with no prodromal symptom = 1/1000

- Proportion of MS in individuals with prodromal symptom = 2/1000

- Prevalence of prodromal symptom in general population = 2%

- Alpha = 0.05

- Total n needed for 80% power to detect a difference is 40,000!!

2) Risk of recall bias:

- Systematic error caused by differences in the accuracy of response "recalled“  by  participants

- Cases and females are more likely to report their past history than controls and males

How to identify potential prodromal symptoms? 



14,428 MS cases vs 72,059 matched controls

Higher rates of hospital admissions, physician 

claims and drug prescriptions in the 5 years before 

first demyelinating event

Health-care use before MS, evidence from Canada

But which symptoms / conditions?
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ANN NEUROL 2018 Jun;83(6):1162-1173.

Prodroms of MS in primary care, evidence from UK

Aim of the study:

- To investigate and identify prodromal symptoms of MS in primary care settings

Methods:

- Nested case-control study using the UK Clinical Practice Research Datalink (CPRD)

- Selection of cases and up to 4 matched controls by sex, age, GP practice and year of registration

- Outcome: incidence of symptoms in MS vs controls at 0-2, 2-5 and 5-10 years before first record of MS

- Statistics: conditional logistic regression considering case-control matching
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Autonomic symptoms: “gastric symptoms”, “hiccough,” “intestinal symptoms”, "urinary dysfunction", “anorectal sphincter dysfunction” , 

“sexual dysfunction in males”, “sexual dysfunction in females, “hypertension”, “palpitations”, “heart conduction dysfunction”, “syncope”, 

“cold extremities”, “changes in color”, “breathlessness”, “abnormal lacrimation”, “abnormal sweating”, “anosmia”, “loss of taste”, 

“rhinorrhea”.

Pain: “back/neck pain”, “eye pain”, “any type of headache” and “limb pain”.

Psychiatric symptoms: “anxiety”, “depression”, “manic symptoms”, “psychoses”, “eating disorders”, “insomnia”, “personality disorders,”

“gender identity disorder”, “tics”, “self-harm” and “psychogenic disorders.”

Cognitive symptoms and fatigue: “cognitive impairment”, “memory problems”, “abnormal and/or change in behaviour”,

“fatigue”.

All (n=49,652) Age at index < 40 years (n=13,522)

Individuals Cases (n=10,204) Controls (n=39,448) Cases (n=2,755) Controls (n=10,767)

Age at index 47 (39-57) 47 (39-56) 34 (30-37) 34 (30-37)

Gender (F) 7,308 (71.6) 28,248 (71.6) 2,060 (74.8) 8,038 (74.7)

Pre-MS follow-up 5.9 (4.0-9.5) 5.8 (4.0-9.5) 5.3 (3.8-8.5) 5.3 (3.8-8.5)

Results:



Increased prevalence of autonomic symptoms pre-MS



Increased prevalence of psychiatric symptoms pre-MS



Increased prevalence of pain and fatigue pre-MS



Increased risk of MS with increased number of prodromal symptoms

OR=1.20, 95%CI=1.15–1.26, p<0.001

Sensitivity analyses: associations confirmed in:

1) Patients with first MS code before 40 years AND no neurological symptoms before first MS code

2) Patients with first MS code in 1991-2000, 2001-2010, 2011-2016

3) After exclusion of individuals with ≤ 4 contacts with family doctor

OR=1.51, 95%CI=1.47–1.55, p<0.001 OR=1.29, 95%CI=1.25–1.33, p<0.001 



Type of prodromal symptoms confirmed in 

independent cohorts from Canada

Evidence of neuronal death as measured by 

serum neurofilament levels up to 6 years

before first MS typical symptoms



Opportunities for disease prediction?



Predicting disease?

- 35 years old woman

- Infectious mononucleosis at age 18

- Active smoker

- Suffers from anxiety and fatigue

- No history of neurological symptoms lasting > 24 hours

RR

2.0

2.17

1.52

1.4

2.1

Prevalence in MS for that age 1/400=0.0025

Pre-test odds = 0.0025 / (1-0.0025) = 0.0025

Post-test odds = 0.0025 x 2.0 x 2.17 x 1.52 x 1.4 x 2.1 = 0.048

Post-test probability = 0.048 / (1+0.048) = 0.045 = 4.5%

Female

IM

Smoking

Anxiety

Fatigue



Predicting disease?

- 35 years old woman

- Infectious mononucleosis at age 18

- Active smoker

- Suffers from anxiety and fatigue

- No history of neurological symptoms lasting > 24 hours

- MRI performed > evidence of demyelinating lesions (RIS)

Prevalence in MS for that age 1/400=0.0025

Pre-test odds = 0.0025 / (1-0.0025) = 0.0025

Post-test odds = 0.0025 x 2.0 x 2.17 x 1.52 x 1.4 x 2.1 x 250 = 12.12

Post-test probability = 12.12 / (1+12.12) = 0.923 = 92.3%
250

LR

2.0

2.17

1.52

1.4

2.1

Female

IM

Smoking

Anxiety

Fatigue

RIS



Will genetics help? 

- AUC base on polygenic risk scores = 0.7-0.8 depending on studies

- Given low pre-test probability, absolute MS risk remains lower than

10% for all individuals and < 1% in most….

NO CLINICAL UTILITY AT THE MOMENT



Conclusions and take-home messages

Presence of prodromal symptoms of MS is suggested by:

• MRI evidence of demyelination before typical neurological symptoms

• Increased access to health care before MS onset

• Increased markers of neuronal loss (neurofilaments) before MS onset 

Observational studies suggest autonomic, psychiatric, pain, fatigue, cognitive symptoms can precede 

MS by up to 10 years, but MS remains a rare event and symptoms are unspecific

Current efforts towards more detailed phenotyping of MS patients in terms of:

• Risk factors (genetics and environmental)

• Prodromal symptoms

• Biological markers of disease (eg genetics, MRI, CSF, NfL)

Disease prediction unlikely at the moment, 

we will see in the future….
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