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ABSTRACT

Background: Smoking remains a significant issue that increases the prevalence of multiple sclerosis (MS) and its progression 
to secondary progressive forms. Objectives: The goal is to identify the relationship between smoking and disease progression 
in MS patients who have undergone autologous hematopoietic stem cell transplantation (auto-HSCT) at the Centro de Hema-
tología y Medicina Interna, Clínica Ruiz, Puebla, Mexico. Methods: This retrospective study involved MS patients treated with 
auto-HSCT, followed for 12 months. The response to transplantation was measured using the difference in Expanded Disabil-
ity Status Scale (EDSS) scores before and 12 months after the transplant. A difference of −0.5 or greater indicated a good 
response, while a difference below 0.5 indicated a poor response. Results: The study included 419 patients, with a median age 
of 47 years (IQR: 40-53). The majority were non-smokers (315) compared to smokers/ex-smokers (104). In patients with 
PMSS, EDSS stabilization at 12 months was observed in both smokers/ex-smokers (median 6, interquartile range (IQR) = 1 
vs. 6, IQR = 1, p = 0.466) and non-smokers (median 6, IQR = 1 vs. 6, IQR = 1.5, p = 0.001), although non-smokers showed a 
statistically significant difference. Conclusion: Smoking may negatively impact MS progression, especially in its progressive 
forms. (REV INVEST CLIN. 2024;76(5):223-9)
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INTRODUCTION

Multiple sclerosis (MS) is a chronic autoimmune dis-
ease leading to demyelination and neurodegeneration 
in the central nervous system (CNS). It primarily af-
fects individuals aged 20-40 and is the leading cause 
of non-traumatic disability among young adults in the 
West1. The disease’s origin is complex and involves 
environmental factors, particularly in genetically pre-
disposed individuals, which abnormalize immune sys-
tem activation against CNS components, causing my-
elin inflammation and neuronal degeneration2. Key 
risk factors include Vitamin D, sun exposure, smoking, 
herpes virus, obesity, salt intake, intestinal dysbiosis 
and diet; caffeine, alcohol, consumption of salt3.

Charcot described MS’s clinical manifestations in the 
mid-19th century, highlighting the disease’s heteroge-
neity through its varying forms and inflammatory 
mechanisms1,4,5. MS is typically classified into three 
forms: relapsing-remitting MS (RRMS), secondary 
progressive MS (SPMS), and primary progressive MS 
(PPMS).

The Expanded Disability Status Scale (EDSS), devel-
oped by John Kurtzke in 1983, is widely used to as-
sess disease progression. It ranges from 0 to 10, with 
0.5-unit increments indicating increased disability, 
based on neurological examination6. The EDSS is a 
reliable tool for monitoring disease progression and 
guiding clinical interventions, making it the most com-
monly used disability scale internationally7.

Smoking, despite a global decline in prevalence, re-
mains a significant health risk and is linked to in-
creased MS prevalence and progression to secondary 
forms8-11. Cigarette smoke acts as a pulmonary irri-
tant, promoting chronic inflammation and potentially 
triggering autoimmune diseases. Genetic factors also 
contribute to MS susceptibility. Neurotoxic elements 
in cigarette smoke can exacerbate disease activity, 
brain atrophy, and disability in MS patients12-15. 
Therefore, smoking is a critical factor in MS progres-
sion, highlighting the need for cessation to improve 
long-term disease management. This study aims to 
explore the relationship between smoking and disease 
progression in MS patients undergoing autologous he-
matopoietic cell transplantation at the Centro de He-
matología y Medicina Interna, Clínica Ruiz, Puebla, 
Mexico.

METHODS

This retrospective study was based on the MS patient 
database of patients treated with auto-HSCT at Clíni-
ca Ruiz. Patients diagnosed with any of the three MS 
subtypes (RRMS, PPMS, SPMS), without regard to 
age, who had an EDSS <8.0, provide a Brain and full 
spinal magnetic resonance imaging no older than 3 
months from scheduled treatment date, had stopped 
all immunosuppressive or modulation drugs 3 months 
prior, and could travel to Puebla, Mexico, were ac-
cepted for treatment. The EDSS score was measured 
in all patients by a neurologist from the program’s 
specialist team prior to transplantation. Subset selec-
tion was determined by convenience, with data ob-
tained from the follow-up records of patients that 
provides us their EDSS scores measured by neurolo-
gists from their countries at 12 months post-trans-
plantation. Patients with a smoking history before 
undergoing hematopoietic cell transplantation were 
included, but the number of cigarettes smoked and 
the duration of smoking were not considered. All pa-
tients included in the study signed a consent form to 
use their data for research and this work was ap-
proved by the internal research ethics committee. 
Response to transplantation was defined based on 
the difference between the pre-transplant EDSS score 
and 12 months post-transplant: a difference ≥0.5 was 
defined as a good response to transplantation, a dif-
ference equal to 0 was defined as a disease stabiliza-
tion and a difference below −0.5 was defined as a 
poor response. The total number of patients included 
in this study was 419 (277 women and 142 men), 
with a median age of 47 years (interquartile range 
[IQR]: 40-53). In terms of MS type, 201 patients had 
RRMS, 130 had SPMS, and 88 had PPMS. Table 1 sum-
marizes the patients’ clinical characteristics. The HSCT 
procedure followed the “Mexican method” (Fig. 1).

The Kolmogorov-Smirnov test was used to evaluate the 
normality of the data distribution. The parameters of 
this study did not conform to a normal distribution; 
therefore, between-group comparisons were analyzed 
analyze categorical variables, and p < 0.05 were consid-
ered statistically significant. Statistical analysis was per-
formed using SPSS 25 software (IBM Corp. Published 
2017. IBM SPSS Statistics for Windows, version 25.0. 
Armonk, NY: IBM Corp.) and GraphPad Prism 9 (Graph-
Pad Prism version 9 for Windows, GraphPad Software, 
San Diego, California USA, www.graphpad.com).
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RESULTS

Analysis of the main characteristics of the study 
groups showed that there were a greater number of 
patients in the group with a non-smoking history 
(315 vs. 104). When analyzing whether smoking is 
related to gender, we found that the total number of 
patients with no history of smoking, 209 patients 
(60%) were women; this relationship was maintained 
in the group with a history of smoking (65% were 

women). However, the Chi-square test results showed 
no statistically significant differences.

The number of years of evolution in the group with a 
history of smoking was greater (median 9 vs. 6), but 
the difference was not statistically significant.

The most prevalent type of MS was RRMS. The per-
centage of patients with a history of smoking by MS 
type was 20% for RRMS, 23% for PPMS, and 31% for 

Table 1. Clinical characteristics of 419 patients with an EDSS score, 12 months post-HSCT, and grouped by smoking history

Clinical  
characteristics

Never-smoker Smokers /ex-smokers p

Count Median (IQR) Median (IQR) Count

Sex

F 209 68 0.857a

M 106 36

Age (years) 46 (13) 48 (11.5) 0.27b

Weight (kg) 72 (22.4) 72 (21.5) 0.448b

Height (m) 1.69 (0.14) 1.7 (0.125) 0.308b

BMI 24.4 (6.8) 25.05 (6.5) 0.505b

Years of evolution 9 (13) 6 (11.5) 0.335b

MS type

RRMS 155 46 0.25a

SPMS 100 30

PPMS 60 28

Hemoglobin (g/dL) 14.2 (1.5) 14.2 (1.8) 0.992b

White blood cell count  
(×103/μL)

6 (2.2) 6.7 (2.6) 0.1b

Platelet count  
(×103/μL)

260 (86) 241 (72) 0.161b

EDSS pre-transplant 5.5 (3) 5.5 (3) 0.891b

EDSS 12 months after 
transplant

5.0 (4) 5 (4) 0.639b

Origin

Asia 1 0

Eastern Europe 2 1

North America 184 48

Northern Europe 97 47

Oceania 8 5

Southeastern Europe 1 1

Western Europe 22 2

aChi-squared. 
bMann-Whitney U test. 
EDSS: Expanded Disability Status Scale, HSCT: hematopoietic stem cell transplantation, IQR: interquartile range, MS: multiple sclerosis,  
RRMS: relapsing-remitting multiple sclerosis, SPMS: secondary progressive multiple sclerosis, PPMS: primary progressive multiple sclerosis,  
BMI: body mass index.
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PPMS. According to the Chi-square test, there was no 
association between the type of MS and smoking.

No statistically significant differences were found in 
terms of age, weight, height, body mass index, hemo-
globin level, leukocyte count, or platelet count.

When analyzing the response to transplantation 
and evaluating the change in the EDSS score before 
and 12 months after transplantation, a decrease in 
the EDSS score was observed in both study groups 
(Fig. 2). The EDSS score decreased or stabilized in 
74% of the entire cohort, and by MS type, 155 (77%) 

Figure 1. Schematic representation of the Mexican conditioning regimen employed for autografting persons with autoimmune 
disorders.

Figure 2. A: multiple sclerosis progression in patients treated with hematopoietic stem cell transplantation 12 months before 
and after hematopoietic stem cell transplantation measured using the Expanded Disability Status Scale scale in patients who 
were smokers or former smokers. B: multiple sclerosis progression in patients treated with hematopoietic stem cell transplanta-
tion 12 months before and after hematopoietic stem cell transplantation, assessed using the Expanded Disability Status Scale 
scale in never-smoking patients.

A B
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patients had RRMS, 96 (74%) had SPMS, and 60 
(73%) had PPMS.

The response to transplantation by type of MS did 
not show a statistically significant difference. Simi-
larly, there were no EDSS score differences at 12 
months post-transplantation in the PPMS group when 
compared with the pre-transplant scores (median 6, 
IQR = 3 vs. 6 IQR = 2, p = 0.270).

When evaluating the response to transplantation by 
MS type (Fig. 3) we found a numerical difference in 
the response of patients with PPMS. In the group of 
patients with no smoking history, the pre-transplant 
EDSS score was 6, which remained at 12 months after 
transplantation. In the group with a history of smok-
ing, the score at 12 month increased (6-6.25). In the 
group of patients with SPMS, stabilization of the EDSS 
score at 12 months was observed in the group of smok-
ers and ex-smokers (Median 6, IQR = 1 vs. 6 IQR = 1, 
p = 0.466), as well as in the group of never smokers 
(median 6, IQR = 1 vs. 6 IQR = 1.5, p = 0.001).

The relationship between the response to transplanta-
tion and smoking was explored, and per the Chi-
squared results, no significant relationship was detect-
ed in the entire cohort. The same analysis according to 
the type of MS showed that in patients with PPMS, 
there was a relationship between the presence of a 
smoking habit and the response to transplantation.

DISCUSSION

In this study, we analyzed the relationship between 
smoking history and auto-HSCT response in patients 
with MS. The results showed that all patients with MS 
who underwent auto-HSCT had favorable results, re-
flected in a decrease or stabilization in disease pro-
gression, as assessed by the EDSS score. Regardless 
of the study group evaluated, both groups (smokers 
and never-smokers) responded favorably 12 months 
after transplant. In both groups, the median EDSS 
score at 12 months was significantly lower than the 
pre-transplant EDSS score. This indicates that in our 
cohort, auto-HSCT effectively slowed the progression 
of MS, regardless of patients’ smoking history.

In an MS animal model, an exploratory study by En-
zmann et al.16 established that cigarette smoke 

exposure affects the course of actively induced ex-
perimental autoimmune encephalitis differently (EAE) 
in various strains of mice16. Furthermore, different 
studies have reported that the application of nicotine 
in an EAE animal model significantly improves symp-
toms, suggesting that nicotine has a protective effect 
in an animal model of MS17,18. However, it is important 
to consider the genetic background that influences 
the effect of cigarette smoke on neuroinflammation 
of autoimmune origin. Briggs (2021) analyzed wheth-
er gene variations in the genes encoding the α7 and 
α9 nAChR (alpha nicotinic alpha 7 [CHRNA7] cholin-
ergic receptor and alpha 9 [CHRNA9]) modify the risk 
of MS attributed to smoking. Their results suggest 
that CHRNA7 and CHRNA9 variants modify the risk 
of MS conferred by tobacco smoke, whereby the risk 
among smokers was increased in carriers of the CHR-
NA9 minor haplotype and in non-carriers of the CHR-
NA7 minor haplotype19.

When analyzing the data according to the type of MS, 
the results were interesting. In both RRMS study 
groups, there was a statistically significant decrease 
in the EDSS score at 12 months after transplantation. 
In patients with PPMS, the EDSS score stabilized at 12 
months when compared with the pre-transplant EDSS 
score in both smoking and non-smoking patients, sug-
gesting stabilization in disease progression as a result 
of auto-HSCT. However, in non-smoking patients, the 
EDSS score pre-transplant and at 12 months post-
transplant remained stable, whereas in smoking pa-
tients, the EDSS score increased at 12 months. Ac-
cording to the Chi-squared results, there was a 
relationship between PPMS and smoking history.

Although there is no statistically significant differ-
ence, this finding suggests that in non-smoking pa-
tients with PPMS, transplantation proves to be more 
effective in curbing disease progression than in pa-
tients with a history of smoking, and according to the 
EDSS scores, MS progression appears to continue. It’s 
crucial to consider that these results might be con-
strained by the duration of the study or the size of 
the sample.

CONCLUSION

The results of this study suggest that smoking could 
be a factor that negatively influences MS progression, 
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particularly in individuals with progressive forms of 
MS. Smoking should be considered an important an-
tecedent when selecting auto-HSCT candidates. Fur-
ther studies on the association between smoking and 
response to auto-HSCT in the setting of MS are re-
quired.
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