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Introduction
Early treatment initiation in patients with multiple 
sclerosis (MS) is associated with better disease out-
comes, including lower relapsing activity, disability, 
lesion-burden accumulation and rate of brain atrophy.1,2 
The National Institute for Health and Clinical 
Excellence guidelines recommend a timeline of no 
more than 12 weeks between referral and completion 
of diagnostic investigations for MS.3 In comparison, a 
recent multinational consensus advocated for allowing 
only 7 weeks between the onset of clinical symptoms 
and diagnosis of MS.4 Since early diagnosis is a key 
prerequisite for prompt initiation of disease-modifying 
treatment (DMT), substantial efforts have focused on 

facilitating early diagnosis of MS.2,4,5 Revised MS 
diagnostic criteria has reduced the time between dis-
ease onset and MS diagnosis.6 However, diagnostic 
delay (DD) remains a major issue.

The prevalence of DD remains high but has improved6–15  
(Table 1). Predisposing factors include healthcare sys-
tem barriers,5,15 comorbidities,16,17 primary progressive 
MS,7,9,11,12,18,19 and lower education,7,19 but the exact 
determinants in individual patients are often unclear. 
Furthermore, the relationship between diagnostic and 
DMT delays, and disease activity is not well described. 
Understanding the specific determinants of DDs would 
help accelerate the diagnostic process.
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Abstract
Background: Early diagnosis and treatment of patients with multiple sclerosis (MS) are associated with 
better outcomes; however, diagnostic delays remain a major problem.
Objective: Describe the prevalence, determinants and consequences of delayed diagnoses.
Methods: This single-centre ambispective study analysed 146 adult relapsing-remitting MS patients 
(2016–2021) for frequency and determinants of diagnostic delays and their associations with clinical, 
cognitive, imaging and biochemical measures.
Results: Diagnostic delays were identified in 77 patients (52.7%), including 42 (28.7%) physician-depen-
dent cases and 35 (24.0%) patient-dependent cases. Diagnosis was delayed in 22 (15.1%) patients because 
of misdiagnosis by a neurologist. A longer diagnostic delay was associated with trends towards greater 
Expanded Disability Status Scale (EDSS) scores (B = 0.03; p = 0.034) and greater z-score of the blood 
neurofilament light chain (B = 0.35; p = 0.031) at the time of diagnosis. Compared with patients diagnosed 
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towards greater EDSS scores (B = 0.06; p = 0.006) and number of total (B = 0.13; p = 0.040) and periven-
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Conclusion: Diagnostic delays in MS are common, often determined by early misdiagnosis and associ-
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This study aimed to describe the prevalence, determi-
nants and consequences of DD of relapsing-remitting 
multiple sclerosis (RRMS) in a large MS centre.

Materials and methods

Study population
This ambispective, single-centre, observational study, 
included 146 patients diagnosed with de novo RRMS 
between November 2016 and February 2021 at the 
referral MS Centre of the General University Hospital 
in Prague. The study included patients >18 years old, 
who received a cerebrospinal fluid (CSF) examination 
to exclude alternative diagnoses, were diagnosed in the 
Czech Republic to avoid different healthcare systems 
and language barriers and had a diagnosis of RRMS,24 
to accurately determine the time of clinical disease 
onset. We excluded patients for whom the relative pre-
cise time of clinical disease onset could not determine, 
including those with primary progressive MS, in whom 
diagnostic criteria also require ⩾1 year of progressive 
symptoms.24 A few patients underwent diagnostic 
workup before February 2018 and they received a diag-
nosis of clinically isolated syndrome (CIS). After the 
introduction of the new McDonald 2017 criteria,24 
these patients were reclassified as having the RRMS.

In the Czech Republic, it is a standard practice to 
begin DMT within 4 weeks of diagnosing MS. As a 
result, we treated the diagnosis of MS and the com-
mencement of DMT as simultaneous events.

All patients underwent either regular clinical visits 
with Expanded Disability Status Scale (EDSS) evalu-
ations or acute visits in cases of relapsing activity. 
Most patients underwent a single cognitive examina-
tion using Czech validated versions25 of the Paced 
Auditory Serial Addition Test-3 (PASAT-3) and Brief 
International Cognitive Assessment for Multiple 
Sclerosis (BICAMS)26 (Supplementary Appendix 1).

The Medical Ethics Committee of General University 
Hospital in Prague approved the study protocol 
(ID1018/17, 52/17). The study was performed in 
accordance with the Declaration of Helsinki. All 
patients provided written informed consent.

Magnetic resonance imaging acquisition and 
analysis
Brain magnetic resonance imaging (MRI) exams 
were performed annually using a standardized proto-
col on a 3-Tesla scanner. Diagnostic MRI scans were 
performed before lumbar puncture, before or 

>30 days after high-dose corticosteroid administra-
tion and before DMT initiation. Lesions were seg-
mented using the LeMan PV research application.27 
Brain volumes were estimated from magnetization 
prepared rapid acquisition gradient echo sequence 
(MPRAGE) using the MorphoBox research applica-
tion.28 The spinal cord volume was quantified by 
measuring the mean cross-sectional area of the upper 
cervical cord (MUCCA) using ScanView29 
(Supplementary Appendix 1).

Neurofilament light chain (NfL) measurements
CSF and serum samples were collected and stored 
using standard sampling procedures. CSF-
neurofilament light chain (NfL) levels were measured 
using a neurofilament (NF)-light enzyme–linked 
immunosorbent assay kit (Uman Diagnostics AB, 
Umea, Sweden). Serum neurofilament light chain 
(sNfL) levels were measured using a single-molecule 
array (Simoa) assay30,31 (Supplementary Appendix 1).

Definition for DD of MS
During the initial visit to an MS centre, patient’s neu-
rological medical history was reviewed by a neurolo-
gist. The patients were asked about their history of 
central nervous system (CNS) symptoms that fulfill-
ing the criteria for an MS relapse, which suggest pre-
vious demyelinating events indicative of MS.

For patients with suspected DD (based on information 
from the initial visit), we reviewed hospital medical 
records and conducted semi-structured phone inter-
views (Supplementary Appendix 2) to confirm 
whether a DD occurred and obtain further details of 
the initial clinical presentations and DD determinants. 
A DD was defined as >3 months elapsing between 
the first symptom onset and MS diagnosis.3,7,22,21

Statistical analysis
Analyses were performed using R (http://www.R-
project.org) and SPSS 22.0 (IBM) software.

Spearman’s correlation test and adjusted linear regres-
sion were used to analyse the relationships between 
the DD length (independent variable) and demo-
graphic, clinical, biochemical and MRI measures. 
The Mann–Whitney U-test (MW) and adjusted linear 
regression were used to compare differences between 
patients with and without DD and between patients 
with and without history of >1 demyelinating event 
suggestive of MS at the time of diagnosis. The asso-
ciations between DD or previous relapsing activity 
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and time to new relapsing activity or EDSS worsen-
ing were analysed using adjusted Cox proportional 
hazard models. The models were adjusted for age, 
sex, EDSS, and, in the case of Cox proportional haz-
ard models, also for treatment status, the number of 
oligoclonal bands and the number and volume T2 
lesions. The Benjamini–Hochberg (BH) procedure 
(p < 0.05) was used to measure the false discovery 
rate. The bracketed number following the adjusted 
p-values refers to the number of comparisons. 
Associations losing significance after BH analysis are 
described as ‘trends’ (Supplementary Appendix 3).

Results

Study sample
Initially, 239 consecutive patients referred to the MS 
centre with a suspected diagnosis of MS were exam-
ined; 156 met the McDonald 2017 criteria for MS.24 
Patients were excluded for primary progressive MS 
(n = 5), uncertainties regarding initial symptoms 
(n = 3), an initial diagnosis of radiologically isolated 
syndrome (n = 1) and an initial diagnostic workup 
abroad (n = 1). Ultimately, the study included 146 
patients (Figure 1).

Basic patient characteristics
A DD was observed for 52.7% (77/146) of the 
patients. Using a DD threshold of 6, 9, 12 or 24 months 
lowered the proportion to 45.9%, 40.4%, 32.9% and 
21.2%, respectively. At diagnosis, 43.2% (63/146) of 
patients had a second or later clinical relapse. For the 
entire group, the median time between the first 

reported clinical symptoms suggestive of MS (e.g. 
probable clinical disease onset) and the diagnosis 
was 4.4 months (interquartile range (IQR) = 1.0–
18.3 months). No patients reported isolated cognitive 
dysfunction as the initial MS presentation, but 35.3% 
(41/116) of patients had cognitive dysfunction at the 
time of diagnosis. Table 2 and Figure 1 provide 
detailed descriptions of the patient cohort.

Reasons for DD
DD were determined by healthcare providers (i.e. 
physician-dependent) in 28.7% of patients (n = 42), 
mostly (n = 22) because of a neurologist’s initial mis-
diagnosis (Table 3). Misdiagnoses were determined 
by incorrect classifications of symptoms, failures to 
conduct a complete diagnostic workup and/or incor-
rect interpretations of findings. The most frequent 
misdiagnosis by a neurologist was peripheral neuro-
logical syndrome in MS patients with CNS symptoms 
(n = 8); 7 cases (4.7%) had DD determined by slow 
diagnostic workups attributed to late paraclinical test-
ing or late referral to an MS centre (Table 3). DDs 
were patient-dependent in 35 patients (24.0%), mostly 
due to medical consultation being delayed because 
the symptoms were mild (n = 19), attributed to psy-
chological stress (n = 7) or had spontaneous remission 
(n = 6) (Tables 3 and 4 and Figure 1).

Association between DD and disease outcomes
We found correlation trends between longer DD and 
greater EDSS (Spearman’s rho = 0.17; p = 0.046), 
greater total lesion number (rho = 0.19; p = 0.025), 
greater infratentorial lesion volume (rho = 0.18; 

Figure 1. Study design.
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Table 2. Characteristics of patients with multiple sclerosis (MS) stratified based on time between disease onset and MS 
diagnosis.

Variable All Not delayed Delayed

Number of patients 146 69 77

Follow-up duration (months) 31.3 (22.0; 41.8) 30.9 (21.6; 40.6) 31.9 (22.2; 42.0)

Demographics

 Females (n; %) 109 (74.7%) 50 (72.5%) 59 (76.6%)

 Age at diagnosis (years) 31.5 (27.5; 39.9) 30.6 (26.6; 37.6) 31.8 (28.8; 40.4)

 Disease duration at diagnosis (months) 4.4 (1.0; 18.3) 1.0 (0.3; 1.9) 18.0 (8.8; 44.3)a

 McDonald 2017 criteria at baseline (n; %) 100% 100% 100%

 Years of education of patients 16 (13; 18) 16 (13; 18) 16 (13; 19)

Symptoms at disease onset

 Sensory (n; %)b 93 (63.7%) 44 (63.8%) 49 (63.6%)

 Motor (n; %)b 52 (35.6%) 23 (33.3%) 29 (37.7%)

 Brainstem/cerebellar (n; %)b 50 (34.2%) 27 (39.1%) 23 (29.9%)

 Optic (n; %)b 47 (32.2%) 19 (27.5%) 28 (36.4%)

 Sphincter (n; %)b 17 (11.6%) 6 (8.7%) 11 (14.3%)

 Spinal cord (n; %)b 65 (44.5%) 31 (44.9%) 34 (44.2%)

 Polysymptomatic (n; %)b 85 (58.2%) 38 (55.1%) 47 (61.0%)

Symptoms at diagnosis of MS

 EDSSb 2 (1.5; 2.5) 2 (1.5; 2.0) 2 (1.5; 2.5)

 BDI-IIc 7 (3, 13) 7 (3, 11) 6 (2, 14)

 PASAT-3c 50 (41–53) 50 (42, 53) 49 (40, 54)

 BICAMSc 35.3% (41/116)g 37.9% (22/58)g 32.8% (19/58)g

  SDMTc 59 (52, 66)
16.2% (19/117)g

60 (52, 67)
17.2% (10/58)g

58 (53, 66)
15.3% (9/59)g

  CVLT2c 54 (47, 62)
22.8% (26/114)g

55 (49, 64)
28.1% (16/57)g

53 (47, 60)
17.5% (10/57)g

  BVMT-Rc 29 (26, 33)
11.2% (13/116)g

29 (26, 33)
10.3% (6/58)g

29 (26, 33)
12.1% (7/58)g

Neurofilament light chain level

 NfL CSF at screening (pg/mL; n = 76) 806 (402, 1398) 572 (325, 1083) 914 (448, 1587)

 NfL z-score at screening (n = 98) 1.46 (0.46, 2.58) 1.39 (0.20, 2.50) 1.58 (0.67, 2.65)

Treatment

 Interferons (n; %) 98 (67.1%) 49 (71.0%) 49 (63.6%)

 Glatiramer acetate (n; %) 19 (13.0%) 8 (11.6%) 11 (14.3%)

 Teriflunomide (n; %) 17 (11.6%) 6 (8.7%) 11 (14.3%)

 Anti-CD20 (n; %) 1 (0.7%) 1 (1.4%) 0 (0.0 %)

 Natalizumab (n; %) 2 (1.4%) 0 (0.0%) 2 (2.6%)

 Fingolimod (n; %) 4 (2.7%) 2 (2.9%) 2 (2.6%)

 No disease-modifying treatment (n; %) 5 (3.4%) 3 (4.3%) 2 (2.6%)

MRI at screening

  Brain lesion contrast enhancement 
(n = 133; %)d

29 (21.8%) 14 (20.3%) 15 (19.5%)

 Total brain lesion number 14.0 (9, 30) 13 (9, 24) 16.0 (9, 35)

 Periventricular lesion number 7 (5, 8) 6 (5, 8) 7 (5, 9)

 Juxtacortical lesion number 2 (1, 5) 2 (1, 4) 2 (1, 7)

 Total brain lesion volume 3.1 (1.8, 6.3) 2.9 (1.9, 6.2) 3.2 (1.8, 7.4)

 Periventricular lesion volume (mL) 2.9 (1.5, 5.5) 2.7 (1.6, 5.0) 3.0 (1.5, 6.5)

 Juxtacortical lesion volume (mL) 0.1 (0.0, 0.4) 0.1 (0.0, 0.4) 0.1 (0.0, 0.5)

 Infratentorial lesion volume (mL) 0.0 (0.0, 0.1) 0.0 (0.0, 0.0) 0.0 (0.0, 0.1)

 (Continued)
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Variable All Not delayed Delayed

 Brain parenchymal fraction (MPRAGE) 79.5 (77.7, 81.2) 80.0 (77.8, 81.2) 79.4 (77.1, 81.3)

 MUCCA (cm2) (by ScanView; n = 141)e 0.88 (0.82, 0.94) 0.89 (0.83, 0.95) 0.87 (0.82, 0.94)

  Presence of spinal cord lesions (C1–Th4) 
(n; %)

88 (60.3%) 38 (55.1%) 50 (64.9%)

  Presence of spinal cord (C1–Th4) or brain 
infratentorial lesions (n; %)

117 (80.1%) 56 (81.2%) 61 (79.2%)

CSF (n = 97)f

 Leukocytes (in mm3) 4.3 (2.0, 8.2) 4.7 (2.0, 8.3) 4.2 (2.0, 7.0)

 Protein (g/L) 0.3 (0.2, 0.4) 0.3 (0.2, 0.4) 0.3 (0.3, 0.4)

 Albumin quotient 4.5 (3.3, 5.9) 4.5 (3.3, 5.9) 4.4 (3.3, 6.0)

 IgG index 0.8 (0.6, 1.4) 0.6 (0.6, 1.2) 0.8 (0.6, 1.5)
 Total number or OCB 13.5 (8.0, 21.0) 13.0 (8.0, 23.0) 14.0 (8.0, 21.0)

MS: multiple sclerosis; EDSS: Expanded Disability Status Scale; BDI-II: Beck Depression Inventory-II; PASAT-3: Paced Auditory 
Serial Addition Test; BICAMS: Brief International Cognitive Assessment for Multiple Sclerosis; SDMT: Symbol Digit Modalities 
Test; CVLT2: Categorical Verbal Learning Test–Second Edition; BVMT-R: Brief Visuospatial Memory Test–Revised; NfL: 
neurofilament light chain; CSF: cerebrospinal fluid; MRI: magnetic resonance imaging; MPRAGE: magnetization prepared rapid 
acquisition gradient echo sequence; MUCCA: mean upper cervical cord area; IgG: immunoglobulin G; OCB: oligoclonal band.
Unless otherwise indicated, numbers are reported as median and interquartile ranges.
aExcept of disease duration (Mann–Whitney U-test; p < 0.0001; adjusted p[5] < 0.0001), we did not find any other difference 
between delayed and not delayed group.
bExamined by neurologist (in some patients with delayed diagnosis were symptom at clinical disease onset based on medical reports 
or patient recollection).
cExamined by neuropsychologist in 117 patients (time between cognitive test and diagnosis of MS was less than 4 months).
dThirteen patients did not have post-contrast MRI scans.
eFive patients did not have evaluation of MUCCA due to imaging artefacts or the absence of spinal cord imaging.
fBiochemical data from single laboratory.
gNumber and proportion of patients with abnormal (under −1.5 SD) cognitive performance.

Table 2. (Continued)

Table 3. Determinants of diagnosis delay.

Determinants of diagnostic delay Number (%)a

n = 77

Patient 35 (45.5%)

 Mild symptoms 19 (24.7%)

 Related to psychological stress 7 (9.1%)

 Full remission of symptoms 6 (7.8%)

 Related to pregnancy 1 (1.3%)

 Related to migraine symptoms 1 (1.3%)

 Did not find time to visit physician 1 (1.3%)

Medical doctor (or other healthcare provider) 42 (54.5%)

 Neurologist misdiagnosis 22 (28.6%)

  Slow diagnostic process by neurologist (MRI scan > 2 months; referring to MS 
centre > 2 months)

7 (9.1%)

 Ophthalmologist misdiagnosis 6 (7.8%)

 Neurologist waited for MRI activity to confirm diagnosis 2 (2.6%)

 Otorhinolaryngologist misdiagnosis 2 (2.6%)

 General practitioner misdiagnosis 1 (1.3%)

 Orthopaedist misdiagnosis 1 (1.3%)
 Physiotherapist misdiagnosis 1 (1.3%)

MRI: magnetic resonance imaging; MS: multiple sclerosis.
aCalculated as the proportion from the group of 77 patients with diagnostic delay.
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p = 0.034) and greater CSF-NfL levels (rho = 0.23; 
p = 0.046; n = 76) at the time of diagnosis.

Adjusted linear regression confirmed these trends for 
EDSS (beta (B) = 0.03; p = 0.034; adjusted p[8] = 0.27) 
but not for CSF-NfL (B = 0.09; p = 0.098), total lesion 
number (B = 0.06; p = 0.091) or infratentorial lesion 
volume (B = 0.02; p = 0.70). Adjusted linear regres-
sion showed a trend for an association between longer 
DD and a greater sNfL z-score (B = 0.35; p = 0.031; 
adjusted p[5] = 0.16); however, Spearman’s correla-
tion was not significant (rho = 0.18; p = 0.078; n = 98) 
(Figures 2–4).

For EDSS functional scores, the strongest association 
was between DD and pyramidal scores (B = 0.27; 
p = 0.001; adjusted p[8] = 0.008). Education levels did 
not influence DD (rho = 0.40; p = 0.65). Patients with 
motor symptoms and polysymptomatic clinical pres-
entations at the time of diagnosis did not show 
increased DD (data not shown).

Comparison of patients with (>3 months) and 
without (⩽3 months) DD
No differences were found between patients with and 
without DD. Patients with DD had a trend towards 
greater baseline EDSS score when the delay threshold 
was 6 months (MW: Z = −2.6; p = 0.009; B = 0.22; 
p = 0.006; adjusted p[8] = 0.042) or 9 months (MW: 
Z = −1.80; p = 0.071; B = 0.16; p = 0.046; adjusted 

p[8] = 0.34). No differences were found for thresholds 
of 12 or 24 months (data not shown).

Comparison of patients with and without previous 
relapsing activity
Compared with patients diagnosed at their first clinical 
relapse, patients (n = 63) with a history of >1 relapse at 
the time of diagnosis had a trend towards greater EDSS 
scores (MW: Z = −2.3; p = 0.023; adjusted p[8] = 0.16) 
total lesion number (Z = −2.3; p = 0.019; adjusted 
p[5] = 0.095), periventricular lesion number (Z = −2.0; 
p = 0.041; adjusted p[5] = 0.21), infratentorial lesion vol-
ume (Z = −2.3; p = 0.022; adjusted p[6] = 0.13) and CSF-
NfL levels (Z = −2.1; p = 0.035; adjusted p[5] = 0.18; 
n = 76). Except for CSF-NfL and sNfL, these trends 
were confirmed using adjusted linear regression analy-
sis (Figures 2–4). For example, patients experiencing 
their second or later relapse at the time of diagnosis had 
0.37 points greater EDSS than patients diagnosed at 
their first clinical symptom (95% confidence interval 
(CI) = 0.11–0.62; p = 0.005; adjusted p[8] = 0.035; model 
without (log x + 1) transformed EDSS).

Prediction of future disease activity
New relapse activity occurred in 51.4% (75/146) of 
patients; 12 (8.2%) patients showed EDSS worsening 
after post-diagnosis DMT initiation. The median time 
to first relapse was 156 days (IQR = 81–395 days); 
median time to EDSS worsening was 485 days 

Table 4. Determinants of multiple sclerosis misdiagnosis by neurologists.

Determinants of misdiagnosis n = 22 (15.1%)a

False positive diagnosis of peripheral neurological syndrome (radicular/pseudo-
radicular syndrome or peripheral neuropathy)

8 (36.4%)

Incorrectly excluded diagnosis of CIS based on normal brain MRI without indication of 
clinical and imaging follow-up.

5 (18.2%)

Incorrectly excluded diagnosis of CIS or MS based on normal brain CT without 
indication of MR imaging and clinical and imaging follow-up

1 (4.5%)

Incorrectly excluded diagnosis of CIS or MS based on normal CSF examination 1 (4.5%)

Symptoms attributed to comorbid Leber hereditary optic neuropathy 1 (4.5%)

Symptoms attributed to comorbid myasthenia gravis 1 (4.5%)

False positive diagnosis of unspecific ophthalmological symptom other than RBN 1 (4.5%)

False positive diagnosis of migraine with aura 1 (4.5%)

False positive diagnosis of infectious encephalomyelitis 1 (4.5%)

False positive diagnosis of peripheral vestibular syndrome 1 (4.5%)
False positive diagnosis of neuroborreliosis 1 (4.5%)

CIS: clinically isolated syndrome; MRI: magnetic resonance imaging; MS: multiple sclerosis; CT: computed tomography; CSF: 
cerebrospinal fluid; RBN: retrobulbar neuritis.
aCalculated as the proportion of patients from the entire group of 146 patients with or without diagnostic delay.
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(IQR = 400–588 days). Neither greater diagnostic lag 
nor history of previous relapsing activity were associ-
ated with a greater risk of new relapse or EDSS wors-
ening in adjusted Cox proportional hazard models 
(data not shown). Only the sNfL z-score at the time of 
diagnosis showed a trend for higher risk of EDSS 
worsening (hazard ratio (HR) = 2.12; 95% CI = 1.07–
4.22; p = 0.031; adjusted p[5] = 0.16).

Discussion

A delayed MS diagnosis was identified in more than 
half of the patients; almost a third of all cases 
showed a physician-dependent DD, mostly because 
of an initial misdiagnosis by the specialist. Patients 
with a DD showed a trend towards greater disease 
burden.

Figure 2. (a) Correlation between disability status and 
diagnostic delay. (b) Comparison of disability status in 
patients with and without diagnostic delay. (c) Comparison 
of disability status in patients with and without previous 
relapse at the time of multiple sclerosis diagnosis. The 
results are presented as mean values with corresponding 
95% confidence intervals. One outlier with diagnostic 
delay of 256 months is not depicted in the figure but has 
been included in the statistical analysis.

Figure 3. (a) Correlation between lesion burden and 
diagnostic delay. (b) Comparison of lesion burden 
in patients with and without diagnostic delay. (c) 
Comparison of lesion burden in patients with and 
without previous relapse at the time of multiple sclerosis 
diagnosis. The results are presented as mean values with 
corresponding 95% confidence intervals. One outlier 
with diagnostic delay of 256 months is not depicted 
in the figure but has been included in the statistical 
analysis.
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Prevalence of DD
Our study’s DD prevalence was comparable to con-
temporary cohorts,7,13–15,21 except for a small single 
study with a slightly shorter delay,22 but shorter when 
compared to historical cohorts.9,12–14,17,32,20 This 

finding supports that DDs are decreasing probably 
because of more sensitive MS diagnostic criteria,24 
increased MRI availability,5 and heightened awareness 
of MS among patients and physicians.9 However, the 
predisposing factors remains inconclusive (Table 1). 

Figure 4. (a) Correlation between neurofilament levels and diagnostic delay. (b) Comparison of neurofilament levels in 
patients with and without diagnostic delay. (c) Comparison of neurofilament levels in patients with and without previous 
relapse at the time of multiple sclerosis diagnosis. The results are presented as mean values with corresponding 95% 
confidence intervals. One outlier with diagnostic delay of 256 months is not depicted in the figure but has been included 
in the statistical analysis.
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Our study found no evidence to support increased DDs 
in related to female32 or male sex,7,19 younger9,11,15,16 or 
older age,13,18,19 lower education level,7,19 or the pres-
ence of optic or motor symptoms.9,18,19

The 3-month definition of DD may be too strict. 
However, the proportion of patients with DD remained 
high when this threshold increased to 6–24 months.

Reasons for DD
DDs were physician-dependent and patients-depend-
ent in approximately one quarter of cases each; 15.1% 
of all MS patients examined by physicians received a 
false negative diagnosis from a neurologist; 4.7% 
experienced DD because of a neurologist’s slow diag-
nostic process. We hypothesize the proportions of 
medical specialties responsible for DD in our study 
may be country-specific and differ across geographi-
cal regions and healthcare systems.23 For example, 
patients in the Czech Republic with neurological 
symptoms often bypass general practitioners and 
directly visit neurologists for consultation. 
Alternatively, general practitioners may refer patients 
to specialists without initiating a differential diagnos-
tic process, making the evaluation of the primary care 
role in MS diagnosis challenging. Therefore, the pro-
portion of patients misdiagnosed by general practi-
tioners is probably greater in healthcare systems with 
more primary care involvement than specialty care 
and vice versa.23

Czech Republic citizens have public health insurance 
and generally good access to comprehensive medi-
cal care, minimizing socioeconomic barriers.5,15 
Therefore, only a minimal number of patients experi-
enced DDs because of long waiting times for para-
clinical testing of referral to an MS centre.

Consequences of DD
Short delays in DMT initiation may increase the risk 
of long-term disability.33 Our study suggests even 
relatively short DDs are associated with unfavourable 
consequences on disease activity. Although a greater 
relapse frequency was not observed in patients with a 
longer DD, these patients tended to have numerous 
risk factors associated with unfavourable disease 
outcomes, including a greater EDSS scores, lesion 
numbers on brain MRI and NfL levels, at MS diag-
nosis.2,30,31 While previous studies reported associa-
tions between DD and greater current9,10 or future6 
disability, our study identified a novel relationship 
between DD and a greater lesion load and neuroax-
onal damage assessed by NfL levels, suggesting DD 

negatively affects patient’s prognosis.30,31 The rela-
tionship between DD and these objective paraclinical 
measures of CNS damage highlights the importance 
of early diagnosis and treatment of MS for minimiz-
ing long-term CNS damage.

Clinical implications and future directions
Future multicentre studies on the effect of DD on 
long-term prognosis should include greater sample 
sizes, more-detailed radiological and biochemical 
assessments and longer follow-up periods. Such stud-
ies should also investigate predisposing factors, 
including decreased availability of medical services,5 
primary progressive phenotype7,9,11,12,18,19 and comor-
bidities.16,17 Future evaluations of potential interven-
tions are also needed to minimize DDs. Whether 
short-term delays in diagnosis and DMT onset are 
associated with worse long-term prognoses warrant 
further investigation.

Considering the consequences of initiating DMT late, 
reducing DDs of MS should be a priority. Physician-
dependent DDs are often determined by neurologists; 
therefore, educational efforts that focusing on com-
mon differential diagnostic issues in MS patients, 
including misdiagnosis of peripheral syndromes, 
might improve the diagnostic accuracy. Public aware-
ness campaigns could increase early recognition of 
MS symptoms and motivate visits to healthcare 
providers.

A symptomatic prodromal phase may precede the 
onset of classic MS symptoms by >5–10 years; 
therefore, developing standardized criteria for iden-
tifying prodromal MS may also improve early MS 
diagnosis.23,34

Limitations
The study is susceptible to selection bias35 since it 
was conducted at a single-centre and included only 
RRMS patients, limiting the generalization of our 
findings to other geographical regions, healthcare 
systems and MS phenotypes. Healthcare barriers for 
patients with MS in the Czech Republic are minimal, 
especially in Prague, and care is concentrated in 
regional MS centres. We speculate that the proportion 
of patients with DDs may be greater in regions with 
fewer healthcare services.

Although this study was ambispective, recall bias35 
cannot be excluded. In addition, phone-interview 
confirmations of suspected DDs were based on medi-
cal records from the initial neurological visit in MS 
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centre; consequently, some patients without a docu-
mented history of MS symptoms may have been 
overlooked.

Caution should be exercised when relying solely on 
patient-reported symptoms of a previous MS episode. 
Although we were conservative in assessing clinical 
activity histories, a possibility of detection bias35 
remains for misinterpreting symptoms of MS.

Our study design has possible immortal time bias35 
because of uncertainty regarding the actual time of 
clinical disease onset; therefore, the survival model 
coefficients could be overestimated because some 
patient’s onset times could be earlier than reported. 
We minimized this possibility by setting the DMT ini-
tiation time as a study baseline. Considering only a 
few days or weeks elapsed between the MS diagnosis 
and DMT initiation, the analyses considered these as 
simultaneous events.

Interestingly, the greater EDSS scores at diagnosis in 
patients with DD disappeared when the DD threshold 
was set at 12 or 24 months. We speculate this unex-
pected result could be attributed to two factors: an 
unequal sample size among the subgroups, resulting 
in reduced statistical power, and an ascertainment 
bias35 in which individuals with milder symptoms 
may take longer to seek medical attention and receive 
a diagnosis of MS.

After the introduction of the new McDonald 2017 cri-
teria,24 a few patients who had previously been diag-
nosed with CIS were reclassified as having the RRMS. 
Because almost all study patients had positive oligo-
clonal bands in CSF analysis, fulfilled the MRI crite-
ria for dissemination in space and were treated with 
DMT having already been diagnosed with CIS, we 
believe this limitation had negligible effect on our 
data.

One reason for physician-dependent DD was incor-
rectly excluded diagnosis of CIS based on normal 
brain MRI without indication of clinical and imaging 
follow-up. We acknowledge that including these 
patients is debatable since patients with a first demy-
elinating symptom and normal brain MRI are unlikely 
to fulfil the diagnostic criteria.24 During the follow-up 
period, these patients exhibited new relapses and MRI 
activity, meeting the diagnostic criteria for MS. 
Consequently, the date of the first clinical symptoms 
suggestive of MS was retrospectively defined as the 
date of MS onset. We believe that if closer clinical 
and MRI monitoring had been recommended to the 
patients, diagnoses could have been established 

significantly earlier. Although we acknowledge the 
complexity of these cases, they emphasize the crucial 
clinical issue of interpreting initial negative imaging 
findings in some patients at the early stages of MS. In 
this context, we need to emphasize that uncertainty 
remains regarding whether all other patients who 
reported a history of neurological symptoms (indicat-
ing the initial demyelinating event of MS) met the 
diagnostic criteria for MS at that time.

Finally, the short-term nature of our study precluded 
an analysis of the relationship between DD and long-
term disability risk. Moreover, heterogeneous DMTs 
including high-efficacy treatments complicate the 
prediction of future disease activity.

Conclusion
DD in MS is a common phenomenon often deter-
mined by a misdiagnosis by a healthcare provider 
early in the disease and tends to be associated with a 
high disease burden. Therefore, our findings should 
be considered in healthcare policy and the education 
of healthcare providers and the general population. 
This study provides contemporary frequencies, deter-
minants and consequences of DD in MS. Considering 
the single-centre nature of this study, our results war-
rant further investigations in other geographical 
regions and healthcare systems.
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